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Preface 



This manual describes ibm 1414 Input-Output Syn- 
chronizer (Models 1, 2, and 7) operation with the fol- 
lowing ibm Data Processing Systems: 1410, 7010, and 
7044. To show the relation of the Model 1414, Model 
1, 2, or 7 to other units in the system, brief descrip- 
tions of processing unit and channel actions that occur 
in the execution of magnetic tape operations are in- 
cluded. Detailed information on the processing unit 
in the ibm 1410 System is included in the IBM Cus- 
tomer Engineering Manual of Instruction, 1411 Proc- 
essing Unit Instructions and Special Features, Form 
223-2698, and in the IBM Customer Engineering In- 
struction-Reference manual, 1410 System Fundamen- 
tals, Form 223-2589. Complete information on data 
channels and processing unit operations in the ibm 
7040 and 7044 Systems is included in the IBM Cus- 
tomer Engineering Instruction-Reference manual, 7904 
Data Channel, Preliminary Edition, Form R23-2595-1, 
and in the IBM Customer Engineering Manual of In- 
struction, 7106/7107 Central Processor, Preliminary 
Edition, Form R23-2574. The IBM Customer Engi- 
neering Instruction-Reference manuals, 7010 Data 
Processing System, Volumes 1 and 2, Preliminary Edi- 
tions, Forms R23-2364 and R23-2636, contain informa- 
tion on the processing unit in the 7010 System. 

Included in this manual are second level diagrams 
of circuits for the ibm 1414, Models 1 and 2, explana- 
tions of the ce panel, and several checking procedures. 

This manual obsoletes Form R23-2554-1. 



Minor Revision August 1965 

This manual, Form 223-2554-1, is a minor revision of the previ- 
ous edition but doe's not obsolete Form 223-2554. The infor- 
mation presented herein has been corrected and brought up to 
the latest engineering level. Included is EC 281293, mandatory 
for 1414's connected to 7040/7044 systems. 



Copies of this and other IBM publications may be obtained through IBM Branch Offices. 

Address comments concerning the contents of this publication to: 

IBM Corporation, FE Manuals, Dept. B96, PQ Box 390, Poughkeepsie, N. Y. 12602 
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Basic Concepts 



The ibm 1414 (Models 1, 2, and 7) Input-Output 
Synchronizer controls magnetic tape units operation 
with the ibm 1410, 7010, 7040, and 7044 Data Process- 
ing Systems. Because other models of the 1414 Input- 
Output ( i-o ) Synchronizer perform different functions, 
Models 1, 2, and 7 are called tape synchronizers. 

Channels E and F on the 1410 System and channels 
E, F, G, and H on the 7010 System can accommodate 
one 1414 tape synchronizer per channel. On the 7040 
and 7044 Systems, one 1414 tape synchronizer can be 
attached to data channels A, B, C, D, and E. 

Each 1414 tape synchronizer includes a tape adapter 
unit and a control section. 

The tape adapter unit: 

1. Controls tape movement on the selected tape 
unit. 

2. Supplies signals that the tape unit requires to 
write characters on magnetic tape. 

3. Checks all characters written on magnetic tape. 
The control section: 

1. Provides for off-line testing of the tape synchro- 
nizer and tape units. 

2. Processes all signals between the processing unit 
(1410/7010) or data channel (7040/7044) and the 
1414 tape synchronizer. 

Corresponding circuits in each tape synchronizer 
model function to accomplish the same purpose; data 
flow paths in the 1414 Models 1, 2, and 7 are identical. 
Only timings differ to perform specific functions in 
various tape unit models. Figure 1 lists the tape units 
that can be attached to each 1414 tape synchronizer 
model. Characteristics of magnetic tape units that 1414 
tape synchronizers control are listed in Figure 2. 



Tape Synchronizer Model 


Tape Units 


1414-1 

1414-1 With Intermix Feature 

1414-1 With 800 cpi Feature 

1414-1 With Intermix and 800 cpi 
Features 


729 Hand 729 IV 

729 II, 729 IV, and 7330 

729 II, 729 IV and 729 V 

729 II, 729 IV, 729 V, and 7330 


1414-2 


7330 


1414-7 

1414-7 With Intermix Features 


729 II, 729 IV, 729 V, and 729 VI 

729 II, 729 IV, 729 V, 729 VI 
and 7330 



Figure 1. Tape Units Attached to 1414 Tape Synchronizer 

The tape synchronizer processes all signals between 
the processing unit (1410/7010) or the data channel 
(7040/7044) and the selected tape unit (Figure 3). 
Because magnetic tape units are basically tape trans- 
port devices with the capacity to read and write char- 
acters, the tape synchronizer supplies all timings neces- 
sary to execute tape operations. To begin a tape opera- 
tion, the processing unit (1410/7010) or the data 
channel (7040/7044) must condition control lines to 
the tape synchronizer designating a tape unit and the 
tape operation to be performed. The tape synchronizer 
assumes control and directs the specified operation. 
The tape synchronizer has the capacity to store only 
one character at a time; therefore, the tape synchro- 
nizer controls all data transfers between the processing 
unit or data channel and the selected tape unit. 

The 729 ii, iv, and 7330 tape units operate at one of 
two densities, 200 or 556 characters-per-inch (cpi). 
The 729 v and vi tape units operate at one of three 



Tape Unit 


729 II 


729 IV 


729 V 


729 VI 


7330 


Tape Speed 
(Inches per Second) 


75 


112.5 


75 


112.5 


36 


Density 

(Characters per Inch) 


200 


556 


200 


556 


200 


556 


800 


200 


556 


800 


200 


556 


Characters per Second 

Average Tape Access Time 
(Milliseconds) 


15,000 41,667 
10.8 


22,500 62,500 
7.3 


15,000 41,667 
10.8 


60,000 


22,500 62,500 90,000 
7.3 


7,200 20,016 
20.8 


Character Time 
(Microseconds per Character) 


67.2 


24 


44.7 


16 


67.2 


24 


17 


44.7 


16 


11 


139 


50 



Figure 2. Magnetic Tape Unit Characteristics 
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densities, 200, 556, or 800 characters-per-inch (cpi). 
Changing the operating density of a tape unit is a 
manual operation. Because 729 n, iv, and 7330 tape 
units record characters at only two densities, the high- 
low density switch setting on the selected tape unit 
determines the operating density. In high density, 
729 ii, iv, and 7330 tape units read or write characters 
at 556 cpi; in low density, these tape units operate at 
200 cpi. A three-position tape density switch for each 
channel to which a tape synchronizer is attached is 
installed on the operator's console for density selec- 
tions on 729 v and vi tape units. The positions of the 
controlling tape density switch and the high-low 
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-C Comp Reset to Tape 
-C Disconnect Call 
-C Odd Parity Op to TAU 
-C Unit Nu to TAU 
-C Unit Nu 1 to TAU 
-C Unit Nu 2 to TAU 
-C Unit Nu 3 to TAU 
-C Unit Nu 4 to TAU 
-C Unit Nu 5 to TAU 
-C Unit Nu 6 to TAU 
-C Unit Nu 7 to TAU 
-C Unit Nu 8 to TAU 
-C Unit Nu 9 to TAU 
-C Set Tape Sel Reg 
-C Reset Tape Sel Reg 



-C TAU to CPU 1-Bit 
-C TAU to CPU 2-Bit 
-C TAU to CPU 4-Bit 
-C TAU to CPU 8-Bit 
-C TAU to CPU A-Bit 
-C TAU to CPU B-Bit 
-C TAU to CPU C-Bit 
-C Write Condition 
-C Tape Read Strobe 
-C Tape Busy 
-C Tape Error 
-C Tape Ready 
-C Select and Rewind 
-C Select at Load Point 
-C Sel and Tape Ind On 
-C Tape Write Strobe 
-C Tape in Process* 
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density switch on the 729 v or vi tape unit determine 
the density at which the 729 v or vi tape unit operates. 
If the appropriate console tape density switch is in 
the high position, the high-low density switch on the 
tape unit selects either 800 cpi (high) or 556 cpi (low) 
operation. If the console tape density switch is in the 
low position, the high-low density switch on the 
unit selects 556 cpi (high) or 200 cpi (low) operation. 
The center position of the console tape density switch 
allows the high-low density switch on the 729 v or vi 
tape unit to select 200 cpi (low) or 800 cpi (high) 
operation. The console tape density switches do not 
affect density selections for 729 n, iv, or 7330 tape units. 
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+P Go 729 

+P Set Read Status 729 

-N Set Wr Status 729 

-N Backward 729 

-N Rewind 729 

+P Rewind Unload 729 

+P Turn OFF Tl 729 

-N Turn ON Tl 729 

-N Write Pulse 729 

-N Reset Wr Tr 729 

-N Write Bus 1,2,4,8,A,B, and C-Bits 729 
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+P High Density 729 

+P Mod 5 or Mod 6 

+P Sel and Ready Mod 2 729 

+P Sel and Ready Mod 4 729 

+P Sel and Load Point 729 

+P Sel + Rdy Wr 729 

+P Sel + Rdy Rd 729 

+P Sel + Not Load Point 729 

-N Sel + Rewind 729 

-N Sel + Tl On 729 

-N Sel + Tl Off 729 

-N Write Echo 729 

8 vpp Rd Bus 1 ,2,4,8,A,B, and C-Bits (556 cpi) 

10 vpp Rd Bus 1 ,2,4,8,A,B, and C-Bits (800 cpi) 



+P Select Tape Unit 0, 1,2,3,4,5,6,7, 
8, or 9 729 ► 



-N Select Tape Unit 0, 1,2, 3, 4, 5, 6, 7, 

8, or 9 7330 



-N Write Bus 1, 2, 4, 8, A, B, and C-Bits 

-N Write Pulse 7330 

-N Set Read Status 7330 

-N Set Write Status 7330 

-N Wr Tr Rel 7330 

-N Go 7330 

-N Rewind 7330 

-N Rewind + Unload 7330 

-N Turn ON Tl 7330 

-N Turn OFF Tl 7330 



8 vpp Read Bus 1, 2, 4, 8, A, B, and C-Bits 

-N Echo Pulse 7330 

-N Sel + Ready Hi 7330 

-N Sel + Ready Lo 7330 

-N Sel + Tl ON 7330 

-N Sel + Load Point 7330 

-N Sel Rdy Bkwd 7330 

-N Sel + Rdy Rd 7330 

-N Sel + Rdy Wr 7330 

-N Sel + Rewind 7330 



* 1410/7010 Operation Only 
Figure 3. Tape Synchronizer-System Relation 
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7040/7044 Channel Tape Operations 



The three magnetic tape operations are read, write, 
and unit control. In a tape read operation, the selected 
tape unit reads characters from magnetic tape and 
transfers data through the tape synchronizer to core 
storage. In a tape write operation, the selected channel 
transfers characters through the tape synchronizer to 
the designated tape unit; the tape unit records char- 
acters on magnetic tape. A tape unit control instruction 
specifies one of five tape operations: rewind, rewind 
and unload, backspace, write blank tape, or write end 
of file. Only tape read and write operations require 
data transfers between core storage and a magnetic 
tape unit. The ibm 7040 and 7044 Data Processing 
Systems either use data channels and tape synchro- 
nizers as intermediate units between core storage and 
the selected tape unit ( Figure 4 ) or direct tape opera- 
tions to an on-line ibm 1401 Data Processing System. 
A tape synchronizer is not used when a 1401 system 
controls the tape operation. 

Instructions to the processing unit initiate all mag- 
netic tape operations. The instructions specify: 



1. The data channel and the tape unit. 

2. A tape operation. 

If the instruction designates the tape read or write 
operation, the instruction must also supply the follow- 
ing information to the channel. 

3. The starting core storage address. 

4. The number of words to be processed to ( input ) 
or taken from ( output ) storage. 

5. Binary or bcd mode. 

The processing unit assigns system control of the 
input-output (i-o) operation to the data channel that 
the tape instruction specifies. 



Data Channel Tape Operation 

ibm 7040/7044 Data Processing Systems use the com- 
mand word technique to pass control of i-o operations 
from the central processing unit (cpu) to data chan- 
nels. The channels perform such functions as word 
counting, address modification, assembly of bytes 
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Figure 4. 7040/7044 Tape Operation Data Flow 
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(characters) into cpu words, disassembly of words 
into bytes, code translation, and parity assignment 
and checking. 

Data Channel A Tape Operation 

Data channel A uses cpu registers and data paths to 
perform i-o control functions (Figure 5); therefore, 
channel A tape and cpu operations cannot be over- 
lap^. 

The cpu starts an i-o operation when it decodes a 
select instruction. The output of the channel A inter- 
face decoder selects the interface and unit that the 
instruction designates. Execution of the select instruc- 
tion is not completed until the i-o unit is in ready 
status. When selection is complete, the channel termi- 
nates select operation, and cpu decodes the next in- 
struction. Normally, the reset and load channel A 
(rcha) instruction follows the select instruction to 
specify the core storage location in which the channel 
command is stored. When cpu executes the rcha in- 
struction, it places the channel command in the ac- 
cumulator register (ac). The command specifies the 
number of words to be either transmitted or received 
and the address of the storage position in which the 
first word is to be stored or from which the first word 
is to be taken. The shift counter is set to six. When a 
word (36 bits) is processed: 

1. The address part of the command word (ac posi- 
tions 21-35) is modified to indicate the next sequential 
storage position. 

2. The shift counter (decreased by one each time 
that six bits are processed on the channel) is reduced 
to zero. 

3. The word counter is decreased by one. 

If the word count is not reduced to zero when a com- 
plete word is processed, the address part of the com- 
mand word transfers to the address register (ar), the 
shift counter is reset to six, and the channel receives 
or transmits another word. If the word count is zero, 
the channel ends execution of the rcha instruction. 

READ OPERATION 

The tape synchronizer sends seven bit characters ( six 
data bits and check bit) to channel A. The channel re- 
moves the check bit and tests the character (byte) for 
a parity error. A parity error causes the channel re- 
dundancy check indicator to turn on, but the read 
operation continues. Depending on the mask controll- 
ing trapping, the channel may or may not transmit 
succeeding words to core storage. If no parity error 
is detected, the six data bits are set in the multiplier- 
quotient register (mq) in positions 30-35; the shift 
counter, set to six at the beginning of the operation, 



is reduced by one, and bits in the mq are shifted left 
six positions. When the tape synchronizer transfers 
the next data byte to the channel, the channel loads 
the six data bits in mq positions 30-35, reduces the shift 
counter by one, and shifts bits in the mq left six posi- 
tions. The channel loads six bit bytes in the mq until 
the shift counter is reduced to zero, indicating that a 
complete word has been assembled. The word in the 
mq is placed in the storage register to be transferred 
to the location that the ar specifies; a check bit is then 
assigned to the storage register. The address count is 
increased by one to indicate the address of the storage 
position into which the next word will be loaded. The 
word count is decreased by one. If the word count is 
not zero after the reduction, the shift counter is again 
set to six, and channel A assembles the next word from 
tape synchronizer bytes. If the word count is set to 
zero, the channel does not write more characters in 
core storage, but the tape synchronizer continues to 
make characters available to the channel until the tape 
unit reads the complete record. When the tape unit 
reads the last character in the record and the tape 
synchronizer completes checks on the record written, 
the tape synchronizer signals the channel that the read 
operation is complete. Channel A terminates opera- 
tion on the rcha instruction and disconnects the tape 
synchronizer. The channel also ends operation on the 
rcha instruction if the tape synchronizer signals the 
channel that the read operation is complete before 
the word counter is decreased to zero. 

WRITE OPERATION 

The word in the core storage location that the ar 
designates is set in the mq. Data bits in mq positions 
S, 1-5 transfer to parity generating circuits where a 
check bit is added to the six data bits if the tape rec- 
ord is to be written in odd parity. The channel then 
transmits the byte to the tape synchronizer. Bits in 
the mq are shifted left six positions; the shift counter, 
set to six earlier in the operation, is reduced to zero, 
indicating that a 36-bit word has been disassembled 
and transferred to the tape synchronizer. While the 
word is being disassembled, the channel performs com- 
mand modification by setting the address in the 
adders, incrementing the address by one, and return- 
ing the address to the ac (positions 21-35). During 
disassembly, the word count (ac positions 3-17) is 
reduced by one. If the word count is not zero after the 
reduction, the address transfers to the ar; the shift 
counter is reset to six when the tape synchronizer ac- 
cepts the complete word. If the word count is zero, 
the channel ends operation on the rcha instruction 
and disconnects the tape synchronizer when the com- 
plete word is transferred. 
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IBM 7904 Data Channel Tape Operation 

The ibm 7904 Data Channel is attached to the 7040/ 
7044 systems as channels B, C, D, and E. Each 7904 
data channel contains registers which allow channels 
B through E to perform i-o control operations inde- 
pendent of the cpu (Figure 6). A description of 7904 
data channel registers used in tape operations is as 
follows: 

Data Register: The 37-bit position data register is 
a buffer between core storage and the assembly regis- 
ter. The data register accepts inputs from the storage 
bus and the assembly register. In magnetic tape oper- 



ations, the data register is similar in function to the 
channel A storage register. 

Word Counter: The 15-position word counter indi- 
cates the number of words to be processed in the tape 
operation. Bits loaded in the word counter transfer 
from the storage bus through the data register. The 
word counter is decreased by one as each word is 
processed. 

Address Counter: The 15-position address counter 
indicates the address of the core storage location into 
which the next word will be stored or from which the 
next word will be unloaded. Data from the storage bus 
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loads the address counter. The address counter is in- 
creased by one as each word is processed. 

Assembly Register: The 36-position assembly regis- 
ter is a buffer between the data register and the tape 
synchronizer. The assembly register assembles and 
disassembles words in tape operations in channels B 
through E as the mq assembles and disassembles words 
in channel A tape operations. A character counter in 
the 7904 data channel selects one of six character posi- 
tions in the assembly register to be loaded or un- 
loaded in one parallel operation. Like the shift counter 
in Channel A, the character counter steps six times for 
each cpu word (once for each six bit byte). However, 
characters are processed directly from their assembly 
register positions; bits in the assembly register are 
not shifted. 

The 7904 data channel performs tape operations in 
basically the same manner as data channel A executes 
the operations. The outstanding difference is that cpu 
registers are not used with the 7904, and, therefore, 
the cpu and the 7904 data channels can operate inde- 
pendently (Figure 6). Even when all 7904 data chan- 
nels are executing i-o operations the cpu is only re- 
quired to transfer words to or from core storage. When 
channel A is in use, cpu cannot perform a different 
operation since the cpu and channel A share the same 
registers. However, four 7904 data channels and data 
channel A can perform i-o operations simultaneously. 
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Figure 7. Addresses of Magnetic Tape Units on Data Channels 
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Select Instructions 

Select instructions effect the selection and control of 
i-o devices. All select instructions accomplish the fol- 
lowing functions. 

1. Bit positions 24 through 30 and 32 through 35 in 
select instructions identify the i-o unit or buffer and 
the data channel to perform the operation. 

2. When required, bit position 31 in a select in- 
struction specifies the appropriate code translator to 
allow automatic translation from one form of bcd cod- 
ing to another form of bcd coding. 

3. When data channel A performs the i-o operation, 
bit positions 15, 16, and 17 identify the interface to be 
used. 

4. Bit positions S, and 3 through 11 determine 
whether the i-o operation is input (from i-o to core 
storage ) or output ( from core storage to i-o ) . 

5. Select instructions prepare the data channel to 
accept the channel command word (iord); a subse- 
quent reset and load channel (rch) instruction causes 
the command word to transfer to the channel. 

6. When a select instruction designates a magnetic 
tape operation, the instruction initiates action to start 
tape movement on the specified tape unit. Figure 7 



* Effective only on Interface 3 *£ ' . 

Figure 8. Breakdown of Address Part of Select Instruction 

shows addresses of magnetic tape units on data chan- 
nels. Figure 8 shows a breakdown of the address part 
of select instructions. 

Ten tape unit select lines are routed from the data 
channel to the tape synchronizer. To permit the syn- 
chronizer to perform unit control instructions inde- 
pendent of channel control, the channel checks to 
determine if the tape synchronizer is busy before re- 
setting the previous i-o operation and selecting a new 
tape unit. 

Translation 

Because magnetic tape units can read and write in 
binary or bcd mode, the address part of the select in- 
struction must specify bcd or binary operation. A zero 
in bit position 31 of the select instruction designates 
bcd mode; a one in bit position 31 designates binary 
mode. 

W 7 hen the tape synchronizer transfers 7-bit bcd 
characters to the channel, zone bits in some characters 
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are altered so that characters A through Z are repre- 
sented in core storage by 6-bit binary numbers of in- 
creasing magnitude. Altered zone bits are shown in 
Figure 9. 

Six-bit binary numbers 000 001 through 001 001 rep- 
resent digits 1 through 9; the zone part of the digits 
is 00. The digit zero is represented on tape by the 
bit configuration 001 010; the bit configuration 000 000 
represents the digit zero in core storage. The read 
translator in the data channel alters characters in bcd 
read operations so that their codes are compatible with 
the unit to which they are being transferred. During 
a bcd write operation, the write translator in the data 
channel translates core storage characters into tape 
bcd form. 
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Figure 9. Zone Bit Alteration 

Read, Write, Sense, and Control Select Instructions 

If the channel-in-use indicator is on when cpu decodes 
a read, write, sense, or control select instruction, execu- 
tion of the instruction is delayed until the channel- 
in-use indicator is turned off. A wrs, wbt, or wef ? to 
a file protected tape unit on overlap channel hangs- 
up the selected channel (channel-in-use stays on). 

Read Select (RDS) 
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The read select instruction conditions the desig- 
nated data channel to receive data from the i-o device 
that I and Y specify; the channel processes data from 
the i-o unit to core storage. Only bit positions 28 
through 35 are subject to effective address modifica- 
tion; bit position 14 must contain a zero. 

Write Select (WRS) 
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The write select instruction conditions the desig- 
nated data channel to transmit data from core storage 
to the i-o device that I and Y specify. Only bit posi- 



tions 28 through 35 are subject to effective address 
modification; bit position 14 must contain a zero. 

Sense Select (SEN) 



-1762 
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The sense select instruction conditions the desig- 
nated data channel to transmit status data from the i-o 
device that I and Y specify to core storage. Only bit 
positions 28 through 35 are subject to effective address 
modification; bit position 14 must contain a one. The 
sense select instruction causes a store and trap on 
7090/7094 systems. If the select instruction addresses 
a device in bcd mode, no translation occurs. 

When an rch instruction loads the channel with an 
iord command with a word count greater than zero 
and follows a sense select instruction, the channel 
stores the following sense data in character position 
zero (Bits S, 1 through 5) of the first word. 

S-bit (B-bit) not ready 

3-bit ( 4-bit ) rewinding ( not ready indication is also 
given ) 

5-bit ( 1-bit ) load point 

In real time or teleprocessing applications, it is possi- 
ble to lose information if the system cannot respond to 
an interrupt signal soon enough. The 7040/7044 sys- 
tems select instructions have undesirable features in 
that they cause cpu to hang up if a not ready tape unit 
is selected. In order to minimize the hang up hazard, 
the sense select instruction is used to ascertain the 
ready status of a selected i-o device. The sense select 
instruction will not cause cpu to hang up if the channel 
is not in use, even if the addressed i-o device is not 
ready. A sense select instruction hangs up cpu if a 
non-existent channel is specified. 

Control Select (CTR) 
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The control select instruction conditions the channel 
to transmit control data from core storage to the i-o 
device that I and Y specify. Only positions 28 through 
35 are subject to effective address modification; bit 
position 14 must contain a one. The control select in- 
struction causes a store and trap on the 7090/7094 
systems. 

Although the control select instruction is not normal- 
ly used with magnetic tapes, it initiates the same action 
that the write blank tape instruction causes. 
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Channel Control Instructions 

When a select instruction has conditioned the channel 
to transmit data to or from an i-o device, a reset and 
load channel (rch) instruction must be given to 
deliver the command word to the channel. The com- 
mand word contains a starting core storage address 
and a word count to control the transmission of data 
to or from core storage. 

Because the select instruction initiates action to 
start tape movement on the specified tape unit, the 
rch instruction must be executed within a definite 
time after the select instruction has been performed. 
Maximum times that should elapse between the execu- 
tion of the select and rch instructions are shown in 
Figure 10. 



Tape Unit 


Read 


Write 


7330 - i 


3.7 


6.2 


729 - II 


4.0 


6.5 


729 - IV 


4.0 


6.5 


729 -V 


2.5 


4.0 


729 - VI 


2.5 


4.0 



All Timings Are in Milliseconds and Allow for a 10% Variation in 
1414 Tape Synchronizers 

Figure 10. Maximum Times Between Select and rch Instructions 



In a write operation if either the cpu does not exe- 
cute the rch instruction within the specified time or 
the rch instruction loads the channel with an iord 
command with a word count of zero, the tape unit 
disconnects, the i-o check indicator turns on, and the 
channel-in-use indicator turns off. In a read operation, 
the channel checks parity for the entire tape record 
even if an rch instruction is not given. 

Reset and Load Channel Instruction (RCH) 
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MNEMONIC 
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CHANNEL 
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If a select instruction has conditioned the channel^ 
the contents of Y, c(y), transfer to the channel as a 
command word; the channel can then transmit data 
to or from the selected i-o device. If a select instruc- 
tion has not conditioned the channel, the i-o check 
indicator turns on; the c(y) are sent to the channel 
as a command word, but transmission does not occur. 

If a second rch instruction is given to a channel 
already in operation, the c(y) transfer to the channel 
and replace the previous command word. Transmission 
continues with the new address and word count. A 
second rch instruction cannot be issued to channel A; 
overlap operation cannot occur on channel A. 

Because timings vary between the data channels on 
the 7040/7044 systems and the data channels on the 
7090/7094 systems and between the overlap and norr- 
overlap channels on the 7040/7044 systems, the se- 
lected channel should be tested to be sure that it is no 
longer in use prior to using the data area assigned to 
the channel. This test can be performed by executing 
a tcox instruction. 



Input-Output of a Record and Disconnect 
(IORD) Command 



+3 


WORD COUNT 





STARTING ADDRESS 



Execution of the rch instruction causes the channel 
command word (iord) to transfer to the channel to 
control the tape operation. The iord command word 
provides : 

1. a 15-bit word count that specifies the number of 
words to be transferred between core storage and the 
tape unit. 

2. a 15-bit starting address that specifies the loca- 
tion in core storage for the first word of the record. 
Additional words are taken from or sent to successively 
higher locations in storage until either the i-o device 
reads the end of the record or the number of words 
specified in the word count have been transmitted. 
The 7040/7044 systems do not interpret positions S, 1, 
2, 18, 19, and 20 when the iord is used as a channel 
command word. 

The iord may appear at any point in the program. 
If the iord transfers to the cpu operation decoder as 
an instruction word (during I cycle), the iord is inter- 
preted as a txh instruction because of the +3 prefix. 
A txh instruction with no index register specified 
causes no operation; the next sequential instruction 
is performed. Thus, the cpu processes an iord with a 
prefix of +3 and a tag of zero as an nop instruction. 
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Tape Control Instructions 

If the channel-in-use indicator is on when cpu decodes 
a unit control instruction (write end of file, write blank 
tape, backspace record, rewind, or rewind unload), 
execution of the instruction is delayed until the chan- 
nel-in-use indicator turns off. A unit control instruction 
or a select instruction turns on the designated chan- 
nel's channel-in-use indicator. The channel-in-use indi- 
cator turns off when the specified i-o operation is 
completed. 

Tape Data Compatibility 

If the first character of a bcd tape record is a tape 
mark (8, 4, 2, and 1-bits) in the 7090/7094 systems, 
the tape mark and the following character are replaced 
by zeros, and the redundancy check indicator is set. 
If the first character of a bcd tape record is a tape mark 
in the 7040/7044 systems, all characters are received 
properly, and the redundancy check indicator is not 
set. For example, if the first six characters of a bcd 
tape record are Vabcde, the following word appears 
in core storage after the tape read operation. 

7040/7044 Vabcde 

7090/7094 oobcde ——the redundancy check 

indicator lights. 
Tape marks should not be written as the first charac- 
ters of bcd records for 7090 program compatibility 
considerations. 

Write End-of-File (WEF) Instruction 
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The write end of file instruction causes the channel 
to condition the write tape mark call and erase call 
lines to the tape synchronizer. The selected tape unit 
erases a 3% inches end of file gap and writes a tape 
mark (with the check character) on tape (Figure 11). 
The 3% inches end of file gap is required for compati- 
bility with the ibm 7040 Data Processing System when 
operating in binary mode. An end of tape reflective 
spot encountered during execution of the wef instruc- 
tion turns on the end of tape indicator. Only positions 
28 through 35 of the address part of the instruction 
are subject to effective address modification. 

Write Blank Tape (WBT) Instruction 



Gap 



Record 



Approximately 3 3/4" 

< End-of-File >» 

Gap 



Record 



\ Tape Morion 
J > 



Tape Mark 
Check Character 

Figure 11. End-Of-File-Gap 

The write blank tape instruction causes the chan- 
nel to condition "erase call" and then "write call" to 
the tape synchronizer. The selected tape unit erases a 
section of tape approximately 3% inches in length. The 
wbt instruction is used to space over bad spots on 
tape that cause redundancy checks. An end of tape 
reflective spot encountered during execution of the 
wbt instruction causes the end of tape indicator to 
turn on. The 7090/7094 systems execute a write blank 
tape operation when a write select (wrs) instruction 
not followed by a reset and load channel (rch) in- 
struction is detected. Because the 7090/7094 Systems 
decode the 7040/7044 wbt instructions as a wrs in- 
struction, an rch instruction should not follow a wbt 
instruction for 7090/7094 program compatibility. If a 
subsequent rch instruction is given, the iord command 
should specify a zero word count. 



Backspace Record (BSR) Instruction 
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The backspace record instruction causes the chan- 
nel to condition "backspace call" to the 1414 tape syn- 
chronizer. The selected tape unit moves tape back- 
ward through one tape record or to load point; tape 
movement stops when either the interrecord gap or 
load point is sensed. The tape synchronizer performs 
no checks during execution of the backspace operation. 
If the selected tape unit is at load point when the BSR 
instruction is given, no operation occurs. Only bit 
positions 28 through 35 of the address part of the 
instruction are subject to effective address modifica- 
tion. 

Rewind (REW) Instruction 
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The rewind instruction causes the channel to con- 
dition "rewind call" to the 1414 tape synchronizer. The 



14 



selected tape unit rewinds tape to the load point posi- 
tion. If tape is positioned at load point when the tape 
synchronizer receives "rewind call," no operation oc- 
curs. Only bit positions 28 through 35 of the address 
part of the rew instruction are subject to effective 
address modification. When a 7330 tape unit is se- 
lected to perform the operation, the rew instruction 
causes the tape unit to rewind tape at low speed re- 
gardless of the amount of tape on the machine reel. 

Rewind and Unload (RUN) Instruction 
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The rewind and unload instruction causes the chan- 
nel to condition "rewind unload call" to the 1414 tape 
synchronizer. The selected tape unit rewinds tape to 
the load point position and unloads tape. When a 7330 
tape unit is selected to perform the operation, the run 
instruction causes the tape to unload and rewind tape 
at high speed. If a 7330 tape unit is at load point when 
the channel conditions "rewind unload call" to the tape 
synchronizer, the run instruction "hangs up" the chan- 
nel. If a 729 tape unit is at load point when the chan- 
nel issues "rewind unload call" to the tape synchro- 
nizer, the tape unit performs an unload operation. 



Channel Instructions That Apply Only To 
Magnetic Tapes 

End of Tape Indicator 

When the tape unit senses the reflective strip marking 
the end of tape in a write, write end of file, or write 
blank tape operation, the end-of-tape indicator in the 
channel turns on. The tape operation is not inter- 
rupted; writing can be completed even though the end 
of tape marker has been sensed. If cpu initiates an- 
other operation causing tape to move forward, tape 
may be pulled from the file reel. The end-of-tape in- 
dicator is not turned on during a read operation. 



End of Tape Test (ETTX) Instruction 
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The end of tape test instruction tests the status of 
end-of-tape indicator on the data channel that the 
address part of the instruction specifies. Addresses for 
the channels are: 

Channel A 01000 



Channel B 


02000 


Channel C 


03000 


Channel D 


04000 


Channel E 


05000 



If the end-of-tape indicator for the specified data chan- 
nel is on, execution of the end of tape test instruction 
turns the indicator off; cpu performs the next sequen- 
tial instruction. If the indicator is off, the instruction 
causes cpu to skip the next instruction and execute the 
second instruction in sequence. 

Other Applicable Instructions 

Redundancy Check Indicator 

The channel redundancy check indicator can be turned 
on at any time during a tape read or write operation 
by one of the following tape synchronizer error con- 
ditions: 

Read/write register vrc error 

Longitudinal redundancy check register error 

Skew error ( write operation ) 

Write compare error ( write operation ) 

Write echo error ( write operation ) 

Read register A vrc error (write operation) 

Write delay noise (write operation) 
The data channel turns on the redundancy check indi- 
cator if it detects a parity error in the data received 
in a read or sense operation. 

Transfer on Redundancy Check (TRCX) Instruction 
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If the redundancy check indicator for the specified 
channel is on, execution of the trcx instruction turns 
off the indicator, and the cpu takes the next instruc- 
tion from location Y. If the indicator is off when the 
cpu executes the trcx instruction, the cpu performs 
the next instruction in sequence. If the channel parity 
enable mask bit is set to one, the trcx instruction is 
not effective; execution of the instruction does not 
turn off the redundancy check indicator, and no trans- 
fer is taken if the indicator is on. The instruction desig- 
nates data channels in the following manner. 

trca -f 0022 Transfer on channel A redundancy 

check 
trcb —0022 Transfer on channel B redundancy 

check 
trcc -f0024 Transfer on channel C redundancy 

check 
trcd —0024 Transfer on channel D redundancy 

check 
trce +0026 Transfer on channel E redundancy 

check 
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End of File Indicator 

When the tape unit reads a single character tape mark 
record during a channel tape read operation, the chan- 
nel end of file indicator turns on and disconnects the 
tape synchronizer through a normal read disconnect 
(eor). The end of file indicator does not turn on 
when a tape mark (end of file character) is written 
on tape. 



Transfer on End of File (TEFX) Instruction 



OP CODE 


F 


W////A 


Y 



If the end of file indicator for the specified data 
channel is on, the transfer on end of file instruction 
turns off the indicator and causes cpu to execute the 
instruction in core storage location Y. If the indicator 
is off, the transfer on end of file instruction causes the 
cpu to execute the next sequential instruction. The 
instruction designates data channels in the following 
manner. 

Transfer on channel A end of file 
Transfer on channel B end of file 
Transfer on channel C end of file 
Transfer on channel D end of file 
Transfer on channel E end of file 

If the tape unit senses the end-of-file indication 
(single character tape mark record) during a read 
operation, the end of file indicator on the channel 
turns on and disconnects the tape synchronizer. If 
the channel operation enable bit is a one, the tefx 
instruction does not cause a transfer or turn off the 
end of file indicator. 



TEFA 


+ 0030 


TEFB 


-0030 


TEFC 


+0031 


TEFD 


-0031 


TEFE 


+0032 



If the channel-in-use indicator for the specified chan- 
nel is on when the cpu executes the tcox instruction, 
the cpu performs the instruction in location Y. If the 
channel-in-use indicator is off, the cpu performs the 
next sequential instruction. The tcox instruction does 
not effect channel operation. The instruction desig- 
nates data channels in the following manner. 

tcoa +0060 Transfer on channel A in operation 
tcob +0061 Transfer on channel B in operation 
tcoc +0062 Transfer on channel C in operation 
tcod +0063 Transfer on channel D in operation 
tcoe +0064 Transfer on channel E in operation 

Input-Output Check Indicator 

The i-o check indicator on the console turns on when: 

1. An rchx instruction is decoded, and the desig- 
nated channel is not selected. 

2. An iord command with a zero word count fol- 
lows a write select instruction to tape. 

3. Write gate is inactive and the tape synchronizer 
has conditioned "write condition." This condition re- 
sults when an rchx instruction is not given soon 
enough; the tape synchronizer is reset. 

4. The channel ( B through E ) data register or 
channel A storage register has not been loaded with a 
word from core storage by the time that its contents 
are to be sent to an output unit. 

5. The channel (B through E) data register or 
channel A storage register has not transmitted its con- 
tents to core storage by the time that new data are 
available to be loaded in the register. 

Input-Output Check Test (IOT) Instruction 
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Channel In Use Indicator 

The channel in use indicator on each data channel is 
turned on when any select instruction or tape unit 
control instruction specifies that channel to perform an 
operation. The indicator is turned off when the des- 
ignated operation is completed. If an rds, prd, wrs, 
pwr, sen, ctr, bsr, WEF, rew, run, or wbt instruction 
is given while the channel in use indicator is on, execu- 
tion of the new instruction is delayed until the previ- 
ous operation is terminated and the channel in use 
indicator is turned off. 



Transfer on Channel in Operation (TCOX) Instruction 
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If the i-o check indicator is on when cpu executes 
the iot instruction, the indicator turns off, and cpu 
performs the next sequential instruction. If the indi- 
cator is off, cpu skips the next instruction and per- 
forms the second instruction in sequence. Because the 
address in the instruction is part of the op code, any 
address modification may change the operation. 

Reset Data Channel (RDCX) Instruction 
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The reset data channel instruction resets all regis- 
ters and indicators in the specified data channel (ex- 
cept in Channel A, the accumulator and mq registers 
are not cleared ) . The channel terminates the i-o oper- 
ation and disconnects the tape synchronizer immedi- 
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ately. If the instruction is executed while tape is in 
motion, tape movement stops regardless of the position 
of the tape head with respect to the interrecord gap. 
If the tape unit is rewinding tape, the rewind opera- 
tion is completed. Status indicators previously set by 
an enable instruction are reset. The rdc instruction 
cancels the effect of a previous select instruction. The 
instruction designates data channels in the following 
manner: 

MNEMONIC OPCODE ADDRESS COMMENT 

rdca +0760 01352 Reset data channel A 

rdcb +0760 02352 Reset data channel B 

rdcc +0760 03352 Reset data channel C 

rdcd +0760 04352 Reset data channel D 

rdce +0760 05352 Reset data channel E 

Store Channel (SCHX) Instruction 
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The store channel instruction replaces the contents 
of Y (bit positions 21-35) with the contents of the 
specified channel address counter. The contents of the 
channel word counter replace the contents of bit posi- 
tions 3-17; bit positions S, 1, 2 and 18 through 20 are 
destroyed. Because channel A uses accumulator bit 
positions 3-17 for the word counter and 21-35 for the 
address counter, it is necessary to execute the store 
channel A instruction before changing the accumulator 
after a reset and load channel A instruction. Note, 
however, on channel A, bits 1-35 of accumulator are 
stored. A store channel instruction designating chan- 
nels B through E can be executed even though the 
specified channel is in operation. If the channel is busy 
and the channel address register is in the process of 
changing, execution of the store channel instruction 
is delayed until the change is complete. 

The address register is one greater than the storage 
location of the last word loaded in or taken from core 
storage. The instruction designates data channels in 
the following manner. 

scha 4-0640 Store channel A 

schb —0640 Store channel B 

schc 4-0641 Store channel C 

schd —0641 Store channel D 

sche -f 0642 Store channel E 

Channel Traps 

A data channel can interrupt cpu processing by trap- 
ping the cpu program. One of many conditions can 
initiate a channel trap; conditions that apply to mag- 
netic tape are as follows: 

1. The completion of any channel operation 

2. A redundancy check 



3. An end of file (single character tape mark record) 

4. A word parity check during a U or B cycle 

5. An incomplete tape word (corporate interface 
unusual end ) 

When a channel trap occurs, the contents of the in- 
struction counter are stored in the address portion of 
the store location. Bits indicating the conditions that 
caused the trap are loaded in the decrement section 
of the store location; other bits in the store location are 
destroyed. The cpu transfers to the instruction loca- 
tion for the next instruction; for 7090/7094 compati- 
bility, the instruction should be an unconditional 
transfer. Store locations and instruction locations are 
as follows: 





STORE 


INSTRUCT 


CHANNEL 


LOCATION 


LOCATK 


A 


00012 


00013 


B 


00014 


00015 


C 


00016 


00017 


D 


00020 


00021 


E 


00022 


00023 



A channel trap cannot occur if an executed trap or an 
inhibit channel traps instruction has reset the channel 
trap control. 



Enable (ENB) Instruction 
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Execution of each enable instruction cancels the 
effect of previous enable instructions and sets the 
channel mask bits to one or zero as indicated by the 
contents of Y. The enable instruction turns on channel 
trap control. Execution of a trap or inhibit channel 
traps instruction prevents further traps until cpu exe- 
cutes another enable or restore channel trap instruc- 
tion. When either the reset or clear key is pressed or 
cpu executes a reset data channel instruction, all mask 
bits in the channel are set to zero. 

enb zero disables all channel and direct data traps 
and prevents the location of word parity errors in 
memory by use of the store channel instruction when 
a parity error occurs on a channel write operation. 
Therefore, the inhibit channel traps instruction should 
be used when necessary to prevent channel traps. 

Inhibit Channel Traps (ICT) Instruction 



-1760 



zH 



14 



5, 1 
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The inhibit channel traps instruction turns off chan- 
nel trap control, inhibiting all channel traps and direct 
data traps until a new enb or restore channel traps 
instruction is given. Because the address part of the 
instruction is part of the operation code, any address 
modification may change the operation. 



Restore Channel Traps (RCT) Instruction 



+0760 1^^^ 


T 


14 



17 18 20 21 



The restore channel traps instruction turns on chan- 
nel trap control, allowing traps to occur as specified 
by the previous enable instruction. The rct instruction 
cancels the inhibiting effect of an executed channel 
trap or ict instruction. The address in the instruction 
is part of the operation code; any address modification 
may change the operation. 

Channel Trap Stores 

When a channel trap occurs, the condition(s) causing 
the trap are stored in the decrement part of the store 
location. Because more than one condition can set its 
bit position to a one simultaneously, all positions 
should be checked. Bit positions applicable to tape 
operations are: 



BIT POSITION 






IN THE 






STORE LOCATION 


INDICATOR 


MASK BIT NAME 


17 


Operation complete 


Operation 


16 


Redundancy check 


Parity 


15 


End of file 


Operation 


14 


Word parity 


Parity or 
Operation 


12 


Unusual end (tape 






word incomplete ) 


Operation 



OPERATION COMPLETE 

Bit 17 (operation complete) is turned on when the 
channel in use indicator changes from the on to the 
off state; this occurs either at the completion of every 
read, write, sense, and control operation ( end of data 
transfer), or when the magnetic tape unit completes 
a bsr, wbt, or wef operation or begins a rew or run 
operation. Even though bit 17 is stored when the in- 
dicator is on and a trap occurs (other conditions may 
be stored by the same trap ) , a tcox instruction can be 
used to determine the status of the channel. 



REDUNDANCY CHECK 

Either a parity error from the i-o device or a byte 
parity check in the channel turns on bit 16 (redun- 
dancy check). When the channel X parity mask bit is 
zero, a trcx instruction can test and reset the redun- 
dancy check indicator. When the channel X parity 
mask bit is one, execution of the trcx instruction does 
not transfer or turn off the indicator. When the parity 
mask bit is one and the redundancy check indicator is 
on, the channel stops the transfer of data to or from 
storage. The channel address register contains one 
plus the address of last word transferred. A trap or 
store operation does not occur if the channel is in use. 
In tape read operations, the designated data channel is 
in use while the tape unit reads the entire record even 
when data is not transferred to core storage. The parity 
bit masks the redundancy check indicator. 

END-OF-FILE 

The end-of-file signal from the tape unit sets bit 15 
(end-of-file). When the channel X operation mask 
bit is zero, a tefx instruction can test and reset the 
end-of-file indicator. When the operation mask bit is 
one, execution of the tefx instruction does not transfer 
or turn off the indicator. A trap or store operation 
does not occur if the channel is in use. The operation 
mask bit masks the end-of-file indicator. 

WORD PARITY 

A word parity error during read or write (U or B) 
cycles to storage turns on bit 14 (word parity). The 
word parity bit can also be turned on during channel 
write operations by checking the 37th bit of a word 
with the sum of the six parity bits of a disassembled 
word. When the parity mask bit is one and the word 
parity indicator is on, the channel stops data transfers 
to or from core storage. The channel address register 
contains one plus the address of the last word trans- 
ferred. Therefore, if the parity enable bit is one when 
an invalid word is taken from core storage during a 
write operation, an schx instruction stores one beyond 
the address of the invalid word. A trap or store opera- 
tion does not occur if the channel is in use. When 
either the parity mask bit or the operation mask bit 
is one and the channel is not in use, the indicator may 
signal a trap and store. 

Note: Two different mask bits can turn on the word 
parity indicator. The parity mask bit allows the chan- 
nel to stop transmission when an error occurs, but 
the operation mask bit does not make this provision. 

UNUSUAL END ( TAPE WORD INCOMPLETE ) 

If the total number of characters processed in the 
tape operation is not a multiple of six, bit 12 [unusual 
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end (tape word incomplete)] is set at the end of a mark). If this condition occurs while writing tape, a 

tape read or write operation. malfunction exists. At the completion of an iord, the 

If the total number of characters in a tape record simplex interface unusual end signal can also set the 

is not a multiple of six, the record probably contains unusual end indicator. The indicator, masked by the 

an error. The unusual end indicator is not set when operation mask bit, cannot signal a trap while the 

the tape unit reads the end of file character (tape channel is in use. 
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1410/7010 Channel Tape Operations 



The three magnetic tape operations are: read, write, 
and unit control. In a tape read operation, the selected 
tape unit reads characters from magnetic tape and 
transfers data through the tape synchronizer to core 
storage. In a tape write operation, the processing unit 
transfers core storage characters through the tape syn- 
chronizer to the designated tape unit; the tape unit 
records characters on magnetic tape. A tape unit con- 
trol instruction specifies one of five tape operations: 
write tape mark, backspace, rewind, rewind unload, 
or erase. All tape instructions contain an operation 
code and select: 

1. An input-output channel. 

2. Overlap or unoverlap operation. 

3. A tape unit. 

4. A tape operation. 

5. Odd or even parity operation. 

In addition, tape read and write instructions designate 
a core storage address into which the first character 
is stored or from which the first character is taken 
and the condition(s) to end the operation. All 1410/ 
7010 instructions designating magnetic tape operations 
are listed in Figure 12. 

The processing unit checks the states of the tape 
synchronizer and the selected tape unit at status 
sample A time for all tape operations. If either the 
tape synchronizer is busy or the selected tape unit is 
not ready, the processing unit terminates the opera- 
tion and decodes the next sequential instruction. In 
checking the state of the tape synchronizer, the proc- 
essing unit examines the level of the tape busy line at 
I-ring 5 time to determine if the tape select register 
may be reset at I-ring 6 time. If the tape synchronizer 
is controlling another operation, the tape busy line 
prevents de-selecting of the tape unit. The processing 
unit sets the channel's busy status indicator latch and 
skips the designated tape instruction. The processing 
unit loads the channel's unit number register with the 
character designating the tape unit to perform the 
operation at I-ring 5 time (Last Logic Gate). The 
processor resets the tape select register in the tape 
synchronizer at I-ring 6 time (Logic Gate G), then 
conditions the tape select register in the tape synchro- 
nizer at I-ring 6 time (Last Logic Gate). The unit 
number register sets the tape select register at I-ring 
6 time. The tape select register signals the designated 
tape unit. If the tape unit is in ready status, the tape 
unit conditions the select and ready line to the tape 



Character 


Position in Instruction 


Function 


M 


Op Code (Read or Write) 


l-O Op Code Without Word Marks 


L 


Op Code (Read or Write) 


l-O Op Code With Word Marks 


U 


Op Code (Unit Control) 




% 


X-Field 1 


Use E Channel Unoverlap 


@ 


X-Field 1 


Use E Channel Overlap 


□ 


X-Field 1 


Use F Channel Unoverlap 




X-Field 1 


Use F Channel Overlap 


? 


X-Field 1 


Use G Channel Unoverlap (7010) 


$ 


X-Field 1 


Use G Channel Overlap (7010) 


s 


X-Field 1 


Use H Channel Unoverlap (7010) 


or 


X-Field 1 


Use H Channel Overlap (7010) 


U 


X-Field 2 


Select Tape Operation (Even Parity) 


B 


X-Field 2 


Select Tape Operation (Odd Parity) 


0-9 


X-Field 3 


Select Magnetic Tape Unit 


xxxxx 


B-Address(Read or Write) 


High Order Position of the Field 


W 


d-Modifier (Write) 


Write Tape to Group Mark-Word 
Mark or to End of Storage 


X 


d-Modifier (Write) 


Write Tape to End of Storage 
(Unoverlap) 


R 


d-Modifier (Read) 


Read Tape to Group Mark -Word 
Mark or to End of Storage 


$ 


d-Modifier (Read) 


Read Tape to End of Storage 
(Unoverlap) 


B 


d-Modifier (Unit Control) 


Backspace a Tape Record 


E 


d-Modifier (Unit Control) 


Skip and Blank Tape 


M 


d-Modifier (Unit Control) 


Write a Tape Mark 


R 


d-Modifier (Unit Control) 


Rewind Tape 


U 


d-Modifier (Unit Control) 


Rewind and Unload Tape 



Figure 12. Format for Magnetic Tape Instructions 



synchronizer. The tape synchronizer relays the ready 
indication to the processor, allowing the operation to 
proceed. If the selected tape unit is not conditioned 
to perform a tape operation, the processing unit sets 
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the channel's not ready status indicator latch and de- 
codes the next sequential instruction. 

The write tape call, read tape call, or write tape 
mark call signal to the tape synchronizer causes the 
tape synchronizer to condition the tape in process and 
tape busy lines to the processing unit; "call" signals 
that initiate other tape operations cause the tape syn- 
chronizer to condition only the tape busy line. "Tape 
in process" blocks the set path to the channel's external 
end of transfer latch, holding the channel committed 
to the tape operation. "Tape busy" indicates that the 
tape synchronizer is performing an operation. If an 
ibm 7330 Magnetic Tape Unit is selected to execute 
the tape operation, the tape synchronizer cancels "tape 
in process" to the processing unit before dropping 
"tape busy"; this allows the processing unit to condi- 
tion "external end of transfer" and perform status 
sample B checks while the tape synchronizer is still 
busy. Another tape operation on the same channel 



cannot begin, however, until the previous tape opera- 
tion is complete and the tape synchronizer drops "tape 
busy". 

Sensing the end of tape reflective spot in a tape 
write operation or reading a tape mark as the first 
character in the record in a tape read operation causes 
the tape indicator (ti) light on the selected tape unit 
to turn on. The tape unit then signals the involved i-o 
channel with the select and TI on line, causing the 
channel's condition and turn off tape indicator latches 
to turn on at status sample B and second sample B re- 
spectively. The turn off tape indicator latch gates "turn 
off ti" to the selected tape unit to turn off the tape 
indicator light. 

The tape synchronizer conditions "tape error" to the 
processing unit if it detects an error while executing 
the tape operation. "Tape error" sets the channel's data 
check status indicator at status sample B time. 
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Channel Tape Write Operations 

In tape write operations, the processing unit transfers 
characters from core storage to the channel designated 
by the tape write instruction. Channel circuits process, 
then hold the characters ) until the tape synchronizer 
is ready to transfer the data to the selected tape unit. 
The tape synchronizer controls all data transfers from 
the channel to the read-write register in the tape 
synchronizer. 

The d-modifier in the tape write instruction deter- 
mines the condition that causes the processing unit to 
transmit "disconnect call" to the tape synchronizer, 
ending the tape write operation. If the d-modifier in 
the write instruction is W, the processing unit condi- 
tions "disconnect call" when either the first group mark 
word mark in core storage is sensed or the end of stor- 
age condition is detected. If the d-modifier is X and 
the tape write operation is being performed in unbver- 
lap mode, the processing unit conditions "disconnect 
call" when the end of storage condition is sensed; 
group mark word marks are processed as normal 
characters. If the write instruction with the X d-modi- 
fier is executed in overlap mode, the first group mark 
word mark sensed in storage or the end of storage in- 
dication causes the processing unit to issue "disconnect 
call". "Disconnect call" initiates tape synchronizer 
actions to end the tape write operation. 

The E- and F-channels on the 1410 system process 
characters to the tape synchronizer in the same man- 
ner. The 7010 E-, F-, G-, and H-channel actions in 
tape operations are alike. Figures 13 and 14 show dia- 
grammed E-channel actions in 1410 and 7010 tape 
write operations. 

7010 E-Channel Tape Write Operation 

In a 7010 E-channel tape write operation, the process- 
ing unit turns on the block command latch at the end 
of status sample A time to prevent the E-channel from 
conditioning "write tape call" to the tape synchronizer 
until the processing unit executes the first E-cycle. The 
B -address in the write instruction specifies the core 
storage position containing the first character to be 
transferred to the processing unit. If the character is 
a group mark word mark and the d-modifier in the 
write instruction is W, the processing unit initiates a 
series of actions that allow the block command latch 
to remain set and turn on the external end of transfer 
latch. The group mark word mark on the B-channel 
sets the internal end of transfer latch. "External end 
of transfer" and "internal end of transfer" set the status 
sample B latch. Because the block command latch is on 
at the end of the first E-cycle, the processing unit 
does not condition "write tape call" to the tape syn- 



chronizer to begin the write operation. At status sample 
B time, the ON output from the block command latch 
sets the no transfer and correct length record latches 
to indicate the programming error (first storage posi- 
tion addressed contains group mark word mark and d- 
modifier in instruction is W ) . "Last execute cycle" ends 
the simulated tape write operation in the normal man- 
ner although no data transfers occurred. The process- 
ing unit then executes the next instruction in numeri- 
cal sequence. 

If the character in the storage position that the B- 
address designates is not a group mark word mark 
or if the d-modifier in the tape write instruction is not 
W, "last logic gate" of the first E-cycle resets the block 
command latch; the processing unit conditions "write 
tape call" to the tape synchronizer to begin the opera- 
tion. 

In an E-channel tape write operation, the processing 
unit executes E-cycles to transfer core storage charac- 
ters to E-channel registers. The first and last E-cycles 
in the tape write operation process one or two useable 
characters from storage. All other E-cycles unload two 
useable characters from storage and set the characters 
in the result register and assembly. The result regis- 
ter sets E0 register; assembly sets El register. If the 
B-address is odd, the first E-cycle unloads only one 
useable character from storage; the character sets the 
El register; E0 register is not set. If the d-modifier 
is W and a group mark word mark is located in an 
even address storage position, the last E-cycle unloads 
only one useable storage character (the group mark 
word mark ) . The group mark word mark is not set in 
either E0 or El register. If the second character that 
the E-cycle processes to the B-channel is a group mark 
word mark and the d-modifier is W, the first B-channel 
character sets E0 register; the group mark word mark 
is returned to storage. When the processing unit senses 
the condition that the d-modifier specifies, it sets the 
internal end of transfer latch and conditions "discon- 
nect call" to the tape synchronizer. 

When E0 and El registers contain characters, E0 
register sets E2 register. When El register contains a 
character and E0 register is empty, El register sets 
E2 register. The processing unit executes the next E- 
cycle when E0 and El registers are both empty if the 
condition to end the operation was not sensed on the 
previous E-cycle. 

If the operation code in the tape write instruction 
is L (load mode), each character set in E2 register is 
examined to determine whether the character contains 
a word mark or if the character is a word separator 
character. If the character in the E2 register satisfies 
either condition, it sets the word separator latch. The 
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word separator latch unconditionally loads a word 
separator character in E3 register. When the tape syn- 
chronizer accepts the word separator character in E3 
register, the character in E2 register then transfers to 
E3 register. For example, a word separator character 
from core storage causes the processing unit to trans- 
fer two word separator characters to the tape synchro- 
nizer. A normal character from core storage containing 
a word mark causes the processing unit to transfer a 
word separator character and then the normal charac- 
ter from storage to the tape synchronizer. If the opera- 
tion code in the tape write instruction is M (move 
mode), the character in E2 register sets E3 register; 
word marks are ignored, and word separator charac- 
ters from core storage are processed as normal char- 
acters. 

All character transfers from E3 register to the read- 
write register in the tape synchronizer are under tape 
synchronizer control. 

Characters are stored in core storage in odd parity. 
If the tape write instruction specifies that the tape rec- 
ord be written in even parity, the C-bit in the character 
in E3 register is inverted. When an E-cycle processes 
a valid blank (C-bit) from storage in even parity 
operation, the assembly converts the C-bit to an A-bit 
and gates the A-bit to EO or El register. When the 
A-bit transfers to E3 register, a C-bit is added to the 
character to correct the character for even parity. 
Therefore, a blank from storage transfers to the tape 
synchronizer as an A- and C-bit. 

The tape synchronizer drops "tape in process" to 
the E-channel when it completes read checks on the 
written tape record. "Not tape in process" allows the 
processing unit to set the external end of transfer 
latch. "External end of transfer" and "internal end of 
transfer" set the status sample B latch. 

1410 E-Channel Tape Write Operation 

In a 1410 E-channel tape write operation, the process- 
ing unit conditions "write tape call" to the tape syn- 
chronizer at the end of status sample A time to initiate 
the write operation. The processing unit then executes 
an E-cycle to unload the character from the storage 
position that the B-address in the tape write instruc- 
tion specifies. The character moves from storage, onto 
the B-channel, through assembly to the El register. El 
register sets E2 register. When the character in El 
register transfers to E2 register, the processing unit 
executes another E-cycle to unload the next character 
from core storage if the condition to end the tape 
write operation was not sensed on the previous E- 



cycle. The character in E2 register sets the read-write 
register in the tape synchronizer. 

If the operation code in the tape write instruction 
is L, designating load mode operation, each character 
read from storage is examined to determine whether 
the character contains a word mark or if the character 
is the word separator character. If the character un- 
loaded from storage satisfies either condition, it sets 
the El register word separator latch. The character is 
gated to El register but does not transfer to E2 regis- 
ter when E2 register is empty. Instead, the word sep- 
arator latch unconditionally sets a word separator 
character in E2 register. When the tape synchronizer 
unloads the word separator character in E2 register, 
the character in El register then transfers to E2 regis- 
ter. For example, a word separator character from core 
storage causes the processing unit to transfer two 
word separator characters to the tape synchronizer. A 
character from core storage containing a word mark 
causes the tape synchronizer to transfer the word 
separator character then the character from storage 
to the tape synchronizer. If the operation code in the 
tape write instruction is M, designating move mode 
operation, only the character in El register sets E2 
register; word marks in storage are ignored, and word 
separator characters in storage are processed as nor- 
mal characters. 

All character transfers from E2 register to the read- 
write register in the tape synchronizer are under tape 
synchronizer control. 

When the processing unit senses the condition that 
the d-modifier in the write instruction specifies to end 
the operation, the processor sets the internal end of 
transfer latch and transmits "disconnect call" to the 
tape synchronizer. When the tape synchronizer com- 
pletes read checks on the written tape record, it drops 
"tape in process" to the E-channel. "Not tape in proc- 
ess" and "internal end of transfer" set the status 
sample B trigger. 

Characters are stored in core storage in odd parity. 
If the tape write instruction specifies that the tape rec- 
ord be written in even parity, the C-bit in the charac- 
ter in E2 register is inverted when the character trans- 
fers from E2 register to the E-channel. When an E- 
cycle processes a valid blank (C-bit) from storage in 
even parity operation, the assembly converts the C-bit 
and gates the A-bit to El register. When the A-bit 
transfers from E2 to the E-channel, a C-bit is added 
to the character to correct the character for even 
parity. Therefore, a blank from storage transfers to 
the tape synchronizer as an A-bit and C-bit. 
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Channel Tape Write Instruction J 1 

I 

Yes / R (I) £ Inst Given Since 
Last E Ch Command? 



Status Sample A Checks 



Dor 7010 Wr Operation? 



J^-^Any E Ch Status Indicators On?V^_ 



Set E Ch Block Command Latch 



I Set E Ch Correct Length Rec Latch| 



Last Execute Cycle 



Take First E Cycle 



jvj / BAR (Unoverlap) or EAR \ Ye s 

(Overlap) Addressing Odd 

Address Memory Location? 
__ 



Process One Useable Character 
From Memory 



Is Char GMWM? 



Wrap Around ? 



Send Wr Cai! to Tape Sync 


1 










*' 






Process One Char to Tape Sync 


2 


















Take an E Cycle 










^o 




1 





Process Two Chars From Memory 


3 




Figure 13. Simplified E-Channel Tape Write Operation 
24 



* Numbers beside blocks indicate the sheet of the E Channel Tape Write 
Operation Flow Chart (Figure 14) that shows detail of the action. 



Bring Up l-O Interlock Check at 13 
18.14.11 



C E Channel Tape Write Instruc tion J 

i 

R (I) | Instruction Given Since Last \ y e s 
E Channel Command? 

15.62.02 



1 



Bring Up Master Error 
18.14.08 



Reset Status Indicators 
Reset Move/Lo ad Latch 

I 



Set E Channel Busy Status Indicator Latch 
12.62.02 (15.65.02) 



Is Tape Sync Busy Early 15? 
12.62.02 (15.65.02) 



Reset Tape Select Register 
13.71.04 (15.67.02) 



n 



Set Tape Select Register at 16 
13.71.04 (15.67.02) 



_£ 



Is Selected Tape Unit Ready? 
60.58.41 



Set E Channel Not Ready 
Status Indicator Latch 
12.62.01 (15.65.01) 



Is Tape Sync Busy? 
60.58.41 



Set E Channel Busy Status Indicator Latch 
12.62.02 (15.65.02) 



Set E Channel Correct Length Record Latch 
13.63.03 (15.65.07) 



— ( E Channel Ungated Sample A J 



( 1410 or 7010 Tape Write Operation ? 



Bring Up E Channel Any Status On 
13.72.05 (15.65.08) 



Set E Channel Block Command Latch at 112 
15.67.01 



Blocks Write Call to Tape Sync 
First E Cycle Determines Whel 
Character in Write Operation 



ic Until ^\ 
;ther First J 
s GMWM/ 



Bring Up Last Execute Cycle l-O 
13.65.07 (13.65.06) 



Set E Channel Tape Call Latch at 112 
(15.67.02) 



Bring Up Last Execute Cycle 
12.12.51 (12.12.50) 



Bring Up E Cycle Required 
, (12.12.65) 



Set E Channel Tape Call Latch 
13.71.04 

i 



End Operation 
Read Out Next Inst 



Set E Cycle Control Latch 
(12.12.66) 



Condition Write Call to Tape Sync 
13.71.05 



C 



Use Extension Clock in Overlap 
and in Unoverlap Operations 



y\ 



Take an E Cycle 
(12.12.66) 



c 



Character Processed on 
Half of E Cycle Is 
Even Address Character 



No / Is BAR (Unoverlap) or EAR (Overlap) \_Y£L_ 
\ Addressing Odd Address Memory Location?/ 



Rrlt N L - 

£1 s ku r. 



Process Two Useable Characters 
from Storage 



Process One Useable Character 
from Storage 



(*>- 



Even Addr Char GMWM AND d Char \r\^l_/^\J_^_J Is Useable Char ( 
Tape Write Instruction W? / -*— K^J \ Tape Write 



GMWMAND dCha 
nstruction W? 



z>5 



Bring Up Set End of Record Latch 
15.61.13 



Set E Ch End of Record Latch 

15.61.13 

Set E Ch Internal End of Transfer Latch 

15.61.12 



Bring Up E Ch Internal 
End of Transfer Delayed 
15.61.13 



Reset E Channel Block Command Latch 
(15.67.01) 



Condition Write Call to Tape Sync 
(15.67.01) 



K 



Last Logic Gate of First E Cycle 



3 



Set Tape in Process and Busy 
Latches in Tape Sync 



Condition Tape in Process to E Ch 
13.42-11 (15.61.11) 



Condition Tape Busy to E Ch 
12.62.02 (15.65.02) 



Set External End of Transfer Latch 
15.61.11 



Set External ^nd of Transfer Control Lat< 
13.42.11 (15.61.11) 



itch I 



Bring Up E Channel Busy 



Bring Up E Ch Status Sample B 
15.65.12 



Set No Transfer Latch 

15.65.05 

1 



Set E Ch Correct Length Record Latch 
15.65.07 




* When two ALD page numbers are shown in one block in 1410 
and 7010 path, the number in parenthesis indicates the 7010 ALD pa 
ppge; the other number indicates the 1410 ALD page. 



Figure 14. E-Channel Tape Write Operation (Sheet 1 of 6) 
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Mo 



'±_/ D\ 



© 



2 ) (From Sheet 1) 



id Tape Write Instruction Specify \ Load 
Move or Load Mode? / 



Was Char Taken From Memory Position \ y 

with Highest Numeric Address 
(Wrap Around)? 



Load Char From Odd Address Memory 
Position in El and Set El Full Latch 



Bring Up Gate El to E2 and Gate Char in 
El Reg to E2 Reg 
(15.61.02) 
Set E2 Full Latch 

(15.61.08) 

Reset El Full Latch 

(15.61.06) 



T 



Load Char From Odd Address Memory 
Position in El and Set El Full Latch 
15.61.06 



I 



E Channel Word Separator Mode 

is Conditioned 
15.62.04 



3 



Bring Up Set End of Record Latch 
15.61.13 



Bring Up Gate El to E2 and Gate 

Char in El Reg to E2 Reg 

(15.61.02) 

Set E2 Full Latch (15.61.08) 

Reset El Full Latch (15.61.06) 



No 



i 

Is Char in E2 Word Separator Char 
OR Does Char in E2 
Contain Word Mark ? 



Set E Channel End of Record Latch 

(15.61.13) 

and Set E Channel 

Internal End of Transfer Latch 

(15.61.12) 



Bring Up Set E3 (15.61.03) 
and Gate Char in E2 to E3 



T 



Set E3 Full Latch (15.61.09) 

and 
Reset E2 Full Latch (15.61.08) 



No , 



Did Tape Write Instruction 
Specify Even Parity (U)? 



Invert C Bit in Character in E3 Reg 
15.61.04 



Condition Write Data Lines to Tape Sync 
15.60.11 - 18 



Load Char from Odd Address Memory 

Position in El and Set El Full Latch 

15.61.06 



Set E2 Reg Word Separator Latch 

(15.61.04) 

and 

Set Word Separator Char in E3 Reg 

(15.61.09) 



Word Sep Char is Unconditionally 
Set in E3 and Is Not Taken From E2 



Set E3 Full Latch 
15.61.04 



Bring Up E Cycle Required 

(12.12.65) 
Set E Cycle Control Latch 

(12.12.66) 
Take an E Cycle 



K 



E2 and E3 Registers are Now Filled 






Condition Write Data Lines to Tape Sym 
15.60.11 - 18 



Gate Char in E3 to Read-Write Reg in Tape 

Sync When Write Clock in Tape Sync 

Advances to 2. Data Transfers Between 

E Channel and Tape Sync Are Under 

Control of Tape Sync 



Tape Sync Conditions Tape Write Strobe 

to E Channel 

When Write Clock Advances to 4 



Reset E3 Full Latch 
15.61.09 



r _____T_ _, 

j An E Cycle Begins When Gate El to E2 j 
j is Conditioned. The E Cycle is Complete! 
(Before the Char in E2 is Processed Through | 
| E3 to the Tape Sync. Therefore, When | 
j the Char in E2 is Transferred to E3, E0 I 
I Sets E2 Again Immediately if No Group I 
| Mark Word Mark Was Encountered on the | 
I First Half of the E Cycle (Even Address I 
| Char Is Not Group Mark Word Mark). I 
| This Action Can not Be Shown in Proper I 
I Time Sequence on a Data Flow Chart. I 
I Assume, for Instructional Purposes, That I 
(the E Cycle Does Not End Before the Char ' 
I in E2 is Processed through 
I E3 to_the Tape Sync | 



Gate Char in E3 to Read-Write Register 
in Tape Sync When Write Clock in Tape 
Sync Advances to 2. Data Transfers Between 
E Channel and Tape Sync are 
Under Tape Sync Control 



Tape Sync Conditions Tape Write Strobe to 
E Channel When Write Clock Advances to 4 



Reset E3 Full Latch 
15.61.09 



Is Internal End of Transfer Latch Set? 
15.61.12 



> 



^_n_o r 



Is E2 Reg Full? 



G 



E2 Reg Is Now Empty 



Bring Up Set E3 15.61.03 
Gate Char in E2 to E3 Reset Word Sep Latch 
15.61.04 



Is Internal End of Transfer Latch S< 
15.61.12 



■et?y 



I 32 ) (To Sheet 3) 



Set E3 Full Latch 15.61.09 and 
Reset E2 Full Latch 
15.61.08 



Bring Up Not Any E Channel Reg Full 
15.61.14 



T 



Last Char in Tape Write Opera! 
Has Been Processed From 
E Channel to Tape Sync 



ition >i 



Bring Up E Channel Internal End 

of Transfer Delayed 

15.61.13 



Set E Channel Disconnect Latch (15.61.15) 
and Condition Disconnect Call to Tape Sync 
(15.67.01.0) 



63 ) (To Sheet 6) 



Bring Up Gate El to E2 and Gate Char 

El Reg to E2 Reg (15.61.02) 

Set E2 Full Latch (15.61.08) 

Reset El Full Latch (15.61.06) 



Did Tape Write Instruction Specify 
Move or Load Mode 



E Channel Word Separator Mode is 
Conditioned 15.62.04 



Yes 



Figure 14. E-Channel Tape Write Operation (Sheet 2 of 6) 



Is Char in E2 Word Separator Character 

OR Does Char in E2 
Contain Word Mark? 



26 



32) (From Sheets 2 and 4) 



r CPU Processes Even Address Char on 
v First Half of E Cycle 



Process Two Characters from Memory 



< 



ven Address Char Group Mark Word 
Mark AND d Char in 
Tape Write Instruction W? 



3 ) (From Sheet 1) 



Bring Up Set End of Record Latch 
15.61.13 



Group Mark Word Mark is Recognized 
B Channel . Not Process Second Chat 
Prevents Result Reg From Setting EO 
15.61.01 



Set E Ch End of Record Latch 

(15.61.13) 

And 

Set E Ch Internal End of Transfer Latch 

15.61.12 



' Is Odd Address Char Group Mark Word 
Mark AND d Char in Tape 
Write Instruction W? 



Set Even Address Chap (First Char 
Processed on the E Cycle) in the Result Reg 



Set E Channel Second Char Group Mark 

Word Mark Latch 

15.61.13 



Bring Up Set End of Record Latch 
15.61.13 



(Was Char Taken from Memory Location \ No 
with Highest Numeric V— — , 
Address(Wrap Around)? / 



Set E Ch End of Record Latch 

(15.61.13) 

And 

Set E Ch Internal End of Transfer Latch 

15.61.12 



Bring Up E Ch Internal End 
of Transfer Delayed 
15.61.13 



Set E Channel Disconnect Latch 

(15.61.14) 

And 

Condition Disconnect Call to Tape Sync 

15.67.01.0 



Load EO and El Registers From Result Reg 
and Assembly Respectively 



Set EO Full Latch (15.61.05) 

And 
Set El Full Latch 15.61.06 



Is E2 Register Full? 



Load E0 and El Registers from Result 
Reg and Assembly Respectively 



Set E0 Full Latch (15.61.05) 

And 
Set El Full Latch (15.61.06) 



Bring Up E Ch Internal End 

of Transfer Delayed 

15.61.13 



Bring Up Channel Inhibit Process 2 to 

Block Group Mark Word Mark from 

Setting El Reg 

15.61.15 



Bring Up Gate Result Reg to E0 and 

Gate Char in Result Reg to E0 

15.61.01 



Set E0 Full Latch 
15.61.05 



Is E2 Register Full? 



>^ 



H 



Bring Up Gate E0 to E2 and Gate Char 
in E0 to E2 
15.61.02 



Bring Up Set End of Re< 
15.61.13 



Bring Up Gate E0 to E2 and Gate Char 
in E0 to E2 
15.61.02 



Is E2 Register Full? 



Set E2 Full Latch 15.61.08 

And 
Reset E0 Full Latch 15.61.05 



Bring Up Gate E0 to E2 and Gate 
Character in E0 to E2 

15.61.02 



Set E2 Full Latch 15.61.08 

And 
Reset E0 Full Latch 15.61.05 



Set E2 Full Latch 15.61.08 

And 
Reset E0 Full Latch 15.61.05 



Set E Ch End of Record Latch 

(15.61.13) 

And 

Set E Ch Internal End of Transfer Latch 

15.61.12 . 



Bring Up E Ch Internal End 

of Transfer Delayed 

15.61.13 



E2 Reg Is Now Empty 



Did Tape Write Instruction 
Specify Move or Load Mode? 



No/~^ 



Character in E2 Word Separator 
Char OR Does Char in E2 
Contain Word Mark? 



E2 Reg is Now Empty 



Bring Up Set E3 (15.61.03) 

and Gate Char 

in E2 to E3 



Set E3 Reg Full Latch (15.61.09) and 
Reset E2 Reg Full Latch (15.61.08) 



Set E2 Reg Word Separator Latch 
(15.61.04) 
And 
Set Word Separator Char in E3 
15.61.09 



Bring Up Set E3 (15.61.03) 

Gate Char in E2 to E3 

Reset Word Sep Late h ( 1 5 . 6 1 . 04) 



Set E3 Full Latch (15.61.09) 

And 
Reset E2 Full Latch 15.61.08 



Set E3 Full Latch 
15.61.04 



Did Tape Write Instruction Specify \_ 
Even Parity (U)? / 



Invert C Bit in Char in E3 Reg 
15. 61.04 



Condition Write Data Lines to Tape Sync 
15.60.11 - 18 



(Last Char in Tape Write Op Has Been "N 
Processed to Tape Sync J 



Bring Up Not Any E Ch Reg Full 
15.61.14 



Set E Ch Disconnect Latch 

15.61.15 

and Condition Disconnect Call to Tape 

15.67.01.0 



Gate Char in E3 to Read-Write Reg in Tape 

Sync When Write Clock in Tape Sync 

Advances to 2. Data Transfers Between 

E Channel and Tape Sync are Under 

Tape Sync Control 



T 



Tape Sync Conditions Tape Write Strobe 
to E Channel When 
Write Clock Advances to 4 



Reset E3 Full Latch 
15.61,09 



63) (To Sheet 6) 



-c 



Is E2 Register Full? 



Figure 14. E-Channel Tape Write Operation (Sheet 3 of 6) 
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_2_ 



Did Tape Write Instruction Specify \ Move 
Move or Load Mode ? / 



Word Sep Char is Unconditionally "\ 
Set in E3 cfnd is Not Unloaded V- 
F^E2 J 



X 



Set E2 Word Separator Latch 

(15.61.04) 

And 

Set Word Separator Char in E3 Reg 

(15.61.04) 



c 



Word Sep Char or Char with Word 

Mark is in E2. Word Sep 

Char is in E3 



> 



X 



Set E3 Full Latch 
15.61.04 



Invert C Bit in Char in E3 Reg 
15.61.04 



____/- 



Did Tape Write Instruction Specify 
Even Parity (U)? 



XX 



Conditio 


n Write Data Lines to 


Tape Sync 




15.60 


11 - 15.60. IE 




1 


Gate Char in 


E3 to Read-Write Reg in 


Tape Syn 


c When 


Write Clock i 


i Tape Sync 


Advanc 


es to 2. 


Data Transfers Between 


E Channel an 


d Tape Sync a 


e Under 




Tape Sync Control 






Is Char in E2 Word Separator 

Char OR Does Char in E2 

Contain Word Mark? 



Bring Up Set E3 and Gate Char 

in E2 Reg to E3 

15.61.03 



Set E3 Full Latch (15.61.04) 
Reset E2 Full Latch (15.61.08) 



Characters Are Now in E2 and E3 
El and E0 Are Empty 



> 



Bring Up Gate El to E2 and Gate 

Char in El Reg to E2 (15.61.02) 

Set E2 Full Latch (15.61.08) 

Reset El Full Latch (15.61.06) 



Is E Channel Internal End 

of Transfer Latch Set? 

15.61.12 



Did Tape Write Instruction Specify 
Even Parity (U)? 



Invert C Bit in Char in E3 Reg 
(15.61.04) 



is Character in E3 Reg 
1 



Bring Up Set E3 Gate Char in E2 

to E3 (15.61.03) 
Reset Word Sep Latch (15.61 .04) 



Tape Sync Conditions Tape Write Strobe 

to E Channel When Write Clock in Tape 

Sync Advances to 4. Tape Write Strobe 

Resets E3 Full Latch 

(15.61.09) 

Was Last Char Processed to Tape Sync 
Unloaded from E2 (Word Sep Latch wa 
k not Set When Char was Processed to E3) 



Characters Are Now in El and E3 



Condition Write Data Lines to Tape Sync 
15.60.11 - 15.60.18 



? 



Set E3 Full Latch 15.61.09 

And 

Reset E2 Full Latch 15.61.08 



<z 



Gate Char in E3 to Read-Write Reg 

Tape Sync When Write Clock Tape Sync 

Advances to 2. Data Transfers Between 

E Channel and Tape Sync Are Under 

Tape Sync Control 



Char i 
Char ir 



E2 Word Sep Char or Does 
E2 Contain Word Mark? 



Set E2 Word Separator Latch (15.61 .04) 

AND 
Set Word Sep Char in E3 Reg (15.61.04) 



Bring Up Gate El to E2 and Gate Char 

in El Reg to E2 Reg 15.61.02 

Set E2Reg Full Latch 15.61.08 

Reset El Reg Full Latch 15.61.06 



t 



Characters Are Nov 

El and E0 Are Ei 



E2andE3. 

___ 



System Performs 
Two Operations 
Simultaneously 



I Yes 



c 



Word Sep Char or Char 
Mark Is in E2. Word 
Is in E3 



With Word 
Sep Char 



) 



c 



Word Sep Char is Unconditiona 
Set in E3 and is not Unloaded 



D 



Tape Sync Conditions Tape Write Strobe 

to E Channel When Write Clock in Tape 

Sync Advances to 4. Tape Write Strobe 

Resets E 3 Full Latch 

(15.61.09) 



Did tape Write Instruction Specify 
Move or Load Mode? 



g Up Set E3 and Gate Char 
in E2Reg to E3 
15.61.03 



Set E3 Full Latch 
15.61.04 



af- 



Is E Channel Internal End 

of Transfer Latch Set? 

15.61.12 



Bring Up E Cycle Required (12.12.65) 
Set E Cycle Control Latch (12. 12.66) 
Take an E Cycle 



XE 



If the Internal End of Transfer Latch is not 

Set, an E Cycle Begins when Gate El to E2 

is Conditioned. The E Cycle is Complete 

Before the Char Transferred from El to E2 is 

Processed to the Tape Sync. When E2 is 

Unloaded, E0 Sets E2 Again Immediately 

if no Group Mark Word Mark was 

Encountered on the First Half of the E 

Cycle. This Action Cannot be Shown in 

Proper Time Sequence on a Flow Chart. 

Assume that the Char in E2 is Processed to 

the Tape Sync Before the E Cycle Ends. 

Do not Follow the Actions that the CPU 

Performs in the E Cycle at this Time. 

Follow the Events in the Parallel Path. 

These Actions Occur While the CPU is 

| Executing an E Cycle I 



Set E3 Full Latch (15.61.04) 
Reset E2Fuli Latch (15.61.08) 



Did Tape Write Instruction Specify 
Even Parity (U)? 



^ert C Bit in Char i 
15.61.04 



E3Reg 



n Write Data Lines to Tape Sync 
15.60,11 - 15.60.18 



Gate Char in E3 to Read-Write Reg in Tape 

Sync When Write Clock in Tape Sync 
Advances to 2. Data Transfers Between E 
Ch and Tape Sync are Under Tape Sync Ctrl 



I 



_"X_ 

If E Cycle was Started Earlier (Internal End 
of Transfer Latch was not Set), E Cycle is 

now Complete, and E0 Sets E2 Again 

Immediately. This Action cannot be Shown 

in Proper Time Sequence on a Flow Chart. 

For Instructional Purposes, Assume that E 

Cycle is not yet Complete. 

V— — T J 

/ Did Tape Write Instruction Specify 
\ Even Parity (U)? 



-t C Bit in Char in E3 
15.61.04 



Tape Sync Conditions Tape Write Strobe to 
E Channel When Write Clock in Tape Sync 
Advances to 4. Tape Write Strobe Resets 
E3 Full Latch (15.61.09) 



X 



XX 



Condition Write Data Lines to Tape Sync 
15.60.11 - 15.60.18 



Was Last Char Processed to Tape Sync 
Unloaded from E2 (Word Sep Latch was n< 
t when Char was Processed to E3)? 



Bring Up Set E3 Gate Char in E2 to E3 

(15.61.03) 
Reset Word Separator Latch (15.61 .04) 



X 



Set E3 Full Latch (15.61.09) 

And 
Reset E2 Full Latch (15.61.08) 

L . 

j If E Cycle was Started Earlier (Internal End j 
I of Transfer Latch was not Set), E Cycle is i 
Now Complete, and E0 Sets E2 Again 
Immed. This Action Cannot be Shown in 
I Proper Time Sequence on a Flow Chart. I 
| Assume that E Cycle is not yet Complete. | 



X 



Gate Char in E3 to Read-Write Reg in Tape 

Sync When Write Clock Tape Sync 

Advances to 2. Data Transfers Between 

E Channel and Tape Sync are Under 

Tape Sync Control 



Tape Sync Conditions Tape Write Strobe to 
E Channel When Write Clock in Tape Sync 
Advances to 4. Tape Write Strobe Resets 
E3 Full Latch 
(15.61.09) 



Is E Channel Internal End 

of Transfer Latch Set? 

15.61.12 



>^ 



Last Char in Tape Write Op has been 
Processed from E Ch to Tape Sync 



ring Up Not Any E Channel Reg Full 
15.61.14 



P 



) 



Set E Ch Disconnect Latch (15.61 .15) 
and Condition Disconnect Call to Tape Sync 
(15.67.01.0) 



Do not Proceed Until the Dotted Arrow 
Input to this Block is Conditioned 



"§^ 



63) (To Sheet 6) 



Figure 14. E-Channel Tape Write Operation ( Sheet 4 of 6 ) 
28 



(From Sheet 1) 



5 a 



Bring Up E Cycle Required 
12.12.62 



Set E Cycle Control Latch 

12.12.66 

1 



Take an E Cycle 
12.12.66 



Overlap Operation? 



^ No (Unoverlap) 



Use Extension Ring Clock 
11.10.20 



Use Logic Gate Clock 
11.10.10 



Read Out B Field Character 
14.71.31 



■K. 



Is d Char in Write Inst W or X? 



Is B Channel Char Group 
Mark Word Mark? 



e/~ Did Write Inst Specify Move V_L 

~ \ or Load Move ? _/ 



E Channel Word Separator Mode 

Is Conditioned 

15.62.02 



s/ Is This the First E Cycle in 
\ s Tape Write Operation? 



No / 



Is B Channel Character Word 

Separator Char? 

15.41.01 



Error - First Char Group Mark Word Mark. 

Tape on Selected Tape Unit Runs off Reel; 

E Channel Busy stays Active 



No/ Does B Channel Character Contai 
~ \ Word Mark Bit? 



1> 



Reset El Reg Word Separator Latch 
15.41.11 



Set El Reg Word Separator Latch 
15.41.11 



Set E Channel Internal End of Transfer Latch 
13.63.01 

I 



Set E Channel End of Record Latch 
13.63.01 



Gate Character into E 1 
15.62.04 
and Set El Reg Full Latch 
15.41.10 



(Wrap Around) 



Reset E2 Reg Word Separator Latch 
15.41.11 



ay Was Char Taken from M< 
~ \ with Highest Numeri' 



Memory Position \ Yes 
c Address? / 



Set E Channel Internal End of Transfer Latch 
13.63.01 



Set E Channel End of Record Latch 
13.63.01 



K 



±J1 



56) (From Sheet 6) 



Is E2 Reg Full Latch Set? 
15.41.10 



Yes / Is El Word Separator Latch Set? 
"^A 15.41.11 



2/ Is E2 Word Separator Latch Set? \Y 

\ 15.41.11 / 



Set Word Separator Character in E2 
and Set E2 Reg Full Latch 
15.62.06 15.41.10 



Gate Character in El to E2 

15.62.06 
and Set E2 Reg Full Latch 

15.41.10 



Set E2 Reg Word Separator Latch 
15.41.11 



Reset El Reg Full Latch 
15.41.10 



(Unoverlap) No 



Is E Channel Internal End of 



Transfer Latch Set? 
13.63.01 



Overlap Operation? 



Stop Logic Clock Until Next E 
Cycle Required 



Start Logic Clock and Take Compute or 
F Cycles Until Next E Cycle Required 



6) (To Sheet 6) 

Figure 14. E-Channel Tape Write Operation (Sheet 5 of 6) 
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6 J (From Sheet 5) 



9 

(Did Tape Write Instruction Specify Odd \£ 
Parity (Unit Select Char U or B) / 



Invert C Bit in Character in E2 
15.60.34 



Condition Write Data Lines to Tape Sync 
15.60.31 



Gate Character in E2 to Read-Write Reg 

in Tape Sync When Write Clock in Tape 

Sync Advances to 2. Data Transfers Between 

E Ch and Tape Sync are Under 

Tape Sync Control 



Tape Sync Conditions Tape Write Strobe 

to E Ch When Write Clock in Tape Sync 

Advances to 4. Tape Write Strobe 

Sets the Strobe Trigger 

15.62.03 



Reset E2 Full Latch and Strobe Tgr 
15.62.05 



< 



E Ch Internal End of Transfer Latch Set 
13.63.01 



Is El Reg Full? 



Set Internal End of Transfer Delayed Latch 
13.65.05 



"X No 



56 ) (To Sheet 5) 



Set E Ch Disconnect Latch 
13.42.11 



(From Sheets 2, 3, and 



4) © 



Condition Disconnect Call to Tape Sync 
13.71.05 



Tape Sync Drops Tape in Process to E Ch 

When the Read Check of the Tape 

Write Operation is Complete 

13.42.11 (15.61.11) 



T 



Set External End of Transfer Latch 
13.42.11 (15.61.11) 



Bring Up Status Sample B 
13.65.05 (15.65.12) 



E Channel is Free to Control Another 

l-O Operation. The Tape Sync Cannot 

Perform Another Tape Operation Until 

the Tape Sync Busy Latch is Reset 



Error in Tape Write Operation? 



C 



No / " 



Bring Up Last Execute Cycle 
12.12.51 (12.12.50) 



Tape Indicator (Tl) On? 



E Ch Second Sample B 



Did Tape Read Instruction 
Specify Overlap Op? 



> 



Set E Ch Data Check Status Indicator 
12.62.04 (15.65.03) 



Set E Ch Condition Latch 
12.62.04 (15.65.04) 



Set Turn Off Tape Indicator Latch 
13.71.04 (15.67.03) 



Condition Turn Off Tape Indicator 

to Tape Sync 

13.71.04 (15.67.03) 



Turn off Overlap in Process Controls 



Figure 14. E-Channel Tape Write Operation (Sheet 6 of 6) 
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Channel Tape Read Operations 

In a tape read operation, the processing unit condi- 
tions "tape read call" to the tape synchronizer at the 
end of status sample A time to initiate the read opera- 
tion. The selected tape unit reads data from magnetic 
tape and transfers characters to the tape synchronizer. 
Each data character from the tape unit is gated to 
the read-write register in the tape synchronizer. The 
tape synchronizer gates the read-write register charac- 
ter onto the channel input data lines and transmits 
"tape read strobe" to the processing unit. "Tape read 
strobe" gates the tape character into the channel's El 
or Fl register on the 1410 system or E2, F2, G2, or H2 
register on the 7010 system. 

The processing unit stores characters in core storage 
in odd parity. If the tape read instruction specifies that 
the tape unit read the record in even parity: 

1. C-bits in characters in E3, F3, G3, or H3 register 
are inverted in 7010 operation. 

2. C-bits in the even parity characters from the tape 
synchronizer are inverted when the characters transfer 
to El or Fl register in 1410 operation. 

When an even parity tape record contains the charac- 
ter with the bit structure A- and C-bits, the processing 
unit inverts the C-bit to change the character to odd 
parity, leaving only the A-bit. Because the tape in- 
struction specified that the tape record be read in even 
parity, this special A-bit character is converted to a 
C-bit character (blank) before the processing unit 
loads the character in core storage. For this reason, 
the character with the bit structure A-bit in core stor- 
age should not be written on tape in even parity; 
when the record is read, the character is transferred 
to storage as a blank (C-bit). The A-bit to C-bit con- 
version occurs only in even parity operation when the 
tape synchronizer transfers the character with the bit 
structure A- and C-bits. 

Tape mark characters detected in the read opera- 
tion are transferred to the processing unit and handled 
as normal characters. Because the bit configuration of 
the tape mark character is always even, tape marks 
should be written and read from tape only in even 
parity operations. In odd parity operation, parity cor- 
rection circuits do not alter the parity of characters 
transferred from the tape synchronizer. When a tape 
mark or any other even parity character transfers to 
the processing unit in odd parity operation, the asterisk 
insert switch must be on to: 

1. Block the conditioning of the "master error" line, 
allowing the processing unit to continue the 
operation. 

2. Write an asterisk in the designated core storage 



location in place of the invalid even parity char- 
acter. 

The processing unit sets the internal end of transfer 
latch when it detects the condition that the d-modifier 
in the tape read instruction specifies. The processing 
unit does not execute E-cycles after the internal end 
of transfer latch is set. 

If the d-modifier in the tape read instruction is R, 
the processing unit sets the internal end of transfer 
latch when an E-cycle detects a group mark word 
mark from storage or senses the end of storage indica- 
tion. If the d-modifier in the tape read instruction is $ 
and the operation is executed in unoverlap mode, the 
processing unit handles group mark word marks in 
storage as normal characters. Only the end of storage 
indication or a tape record too short to fill the re- 
served memory positions causes the processing unit to 
set the internal end of transfer latch. The processing 
unit must store the last character in the tape record 
in the memory location with the highest numeric ad- 
dress to prevent setting the wrong length record latch. 
If the tape read instruction with the $ d-modifier speci- 
fies overlap operation, the processing unit executes the 
instruction as if the $ d-modifier were R. A group mark 
word mark in storage or the end of storage indication 
causes the processing unit to set the internal end of 
transfer latch. 

The E- and F-channels on the 1410 system process 
characters from the tape synchronizer to core storage 
in the same manner. The 7010 E-, F-, G-, and H-chan- 
nel actions in the tape read operation are alike. Figure 
15 shows diagrammed channel actions in a tape read 
operation. 

7010 E-Channel Tape Read Operation 

If the operation code in the tape read instruction is L 
(load mode), the processing unit examines the bit 
structure of each input character. A word separator 
character ( 1-, 4-, 8-, A-, and C-bits ) in E2 register sets 
the word separator latch; the character does not trans- 
fer to E3 register. The next character from the tape 
synchronizer sets E2 register. If the character is an- 
other word separator character and the word separator 
latch is set, the word separator character in E2 register 
transfers to E3 register; the word separator latch is 
reset. If the character is not a word separator character 
and the word separator latch is set, a word mark is 
added to the character; the character and the word 
mark transfer to E3 register, and the word separator 
latch is reset. Two successive word separator charac- 
ters from the tape synchronizer are processed to E3 
register as a single word separator character in load 
mode operation. A word separator character followed 
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by the character T from the tape synchronizer transfer 
to E3 register as the character T with a word mark 

V 

( T ) in load mode operation. 

If the operation code in the tape read instruction is 
M (move mode), the processing unit stores each char- 
acter received from the tape synchronizer before the 
condition to end the operation is detected; word sepa- 
rator characters are processed as normal characters. 
The word separator latch is not set in move mode 
operation. In either move or load mode operation, the 
processing unit sets E3 register with a character from 
E2 register. 

The character in E3 register transfers to EO register 
or to El register. If the B-address in the tape read 
instruction is odd, the first character set in E3 register 
in the read operation transfers to El register. In all 
other cases, the character in E3 register transfers to: 

1. • EO register if both EO and El registers are empty. 

2. El register only if EO register contains a char- 
acter. 

The processing unit executes an E-cycle when either: 

1. A character transfers from E3 register to El regis- 
ter and the condition to end the operation has not 
been detected, or 

2. The tape synchronizer drops "tape in process", 
signalling the end of the tape record before the proc- 
essing unit sets the internal end of transfer latch. 

In searching for a group mark word mark in storage, 
an odd B-address causes the first E-cycle to unload 
from storage and process to the B-channel only one 
character that can affect the read operation. In all 
other cases, E-cycles in the read operation process 
two useable characters from storage to the B-channel. 

If the first useable character that the E-cycle gates 
to the B-channel is a group mark word mark and the 
d-modifier is R, the processing unit sets the internal 
end of transfer latch and returns the characters to 
storage. If a character is left in either EO or El register 
at the end of the E-cycle, indicating that the tape 
record is longer than the number of storage positions 
reserved for tape data, the processing unit sets the 
wrong length record condition latch. 

If the second useable character that the E-cycle 
gates to the B-channel is a group mark word mark and 
the d-modifier is R, the processing unit sets the internal 
end of transfer latch, loads the character in EO register 
and the group mark in storage. If a character is left 
in El register at the end of the E-cycle, the processing 
unit sets the wrong length record condition latch. 

If neither of the useable characters that the E-cycle 
gates to the B-channel is a group mark word mark or 
if the d-modifier in the tape read instruction is not R, 
the processing unit loads the characters in EO and El 



registers in the result register and assembly respec- 
tively. The result register and assembly gate the char- 
acters to the storage positions unloaded earlier in the 
E-cycle. The E-channel then waits for the tape syn- 
chronizer to transfer the next character to E2 register. 

The processing unit does not execute E-cycles after 
the internal end of transfer latch is set. The tape syn- 
chronizer continues to condition data lines and "tape 
read strobe" to the processing unit until the selected 
tape unit reads the complete record. The E-channel is 
committed to the read operation and cannot perform 
status sample B checks until the processing unit sets 
the internal end of transfer latch and the tape syn- 
chronizer drops "tape in process." "Not tape in process" 
allows the processing unit to set the external end of 
transfer latch. 

If the tape synchronizer allows the external end of 
transfer latch to turn on before the processing unit 
sets the internal end of transfer latch, "external end 
of transfer" forces the last E-cycle in the operation. 
Tape synchronizer timings allow this condition to 
occur only when EO and El registers are both empty 
or when EO register contains a character and El regis- 
ter is empty. If the first character that the forced E- 
cycle gates to the B-channel is a group mark word 
mark and the d-modifier is R, the processing unit sets 
the internal end of transfer latch and returns both 
characters to storage; a character left in EO register 
at the end of the E-cycle blocks the set path to the 
end of record latch; "not end of record" is active at 
status sample B time. If the second character that the 
forced E-cycle gates to the B-channel is a group mark 
word mark and the d-modifier is R, the processing unit 
sets the internal end of transfer latch and: 

1. If a character is in EO register, loads the EO regis- 
ter character and the group mark word mark in storage 
and sets the end of record latch. 

2. If EO register is empty, returns both characters 
read out of storage to their memory positions. Because 
the tape record is not long enough to fill all positions 
reserved in storage for tape data, the processing unit 
sets the wrong length record condition latch. 

If neither character gated to the B-channel is a group 
mark word mark and the end of storage indication is 
not sensed, the processing unit sets the internal end 
of transfer latch, but does not set the end of record 
latch. If a character is in EO register, the E-cycle loads 
memory with the character in EO register and the 
second character gated to the B-channel. If EO register 
is empty, both characters unloaded from memory are 
returned to their memory positions. 

"External end of transfer" and "internal end of trans- 
fer" set the status sample B latch. If either the wrong 
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length record condition latch is set or the end of record 
latch is not set at status sample B time, the processing 
unit turns on the wrong length record latch. 



1410 E-Chcmnel Tape Read Operation 

If the operation code in the tape read instruction is 
L (load mode), the processing unit examines the bit 
structure of each input character. A word separator 
character (1-, 4-, 8-, A-, and C-bits) in El register 
causes the processing unit to set the El and E2 word 
separator latches; the character is lost. The next charac- 
ter from the tape synchronizer sets El register. If 
the character is another word separator, the on out- 
puts from El and E2 word separator latches allow the 
word separator to transfer to E2 register as a normal 
character. If the character is not a word separator, El 
word separator latch is reset; because E2 word separa- 
tor latch is set, the C- and word mark-bits in the char- 
acter are inverted. The character with a word mark 
transfers to E2 register. The E2 word separator latch 
is reset during the E-cycle that gates the E2 character 
to storage. Two successive word separator characters 
from the tape synchronizer are processed to E2 regis- 
ter as a single word separator character in load mode 
operation. A word separator character followed by the 
character T from the tape synchronizer transfers to E2 
register as the character T with a word mark (T) in 
load mode operation. If the operation code in the tape 
read instruction is M (move mode), the processing 
unit stores each character received from the tape syn- 
chronizer before the condition to end the operation 
is detected; word separator characters are processed 
as normal characters. Neither El nor E2 word sepa- 
rator latches are set in move mode operation. In either 
move or load mode operation, a character from the 
tape synchronizer sets El register. E2 register is loaded 
with a character from El register. 

The processing unit executes an E-cycle when either: 

1. A character transfers from El register to E2 regis- 
ter and the condition to end the operation has not 
been detected, or 

2. The tape synchronizer drops "tape in process," 
signalling the end of the tape record, before the 
processing unit sets the internal end of transfer latch. 

In searching for the condition that the d-modifier 
in the read instruction specified to end the operation, 
the first E-cycle unloads the character in the memory 
position designated by the B-address register (unover- 
lap) or E-address register (overlap). The following 
E-cycles unload characters from the next sequentially 



higher memory positions. Characters that E-cycles 
process from storage move onto the B-channel. 

If the B-channel character is a group mark word 
mark and the d-modifier in the read instruction is R, 
the processing unit sets the internal end of transfer 
latch and returns the group mark word mark to stor- 
age, the character in E2 register is not gated to storage. 
Because the tape record is longer than the number of 
memory positions leserved for tape data, the process- 
ing unit sets the wrong length record latch at status 
sample B time. 

If the B-channel character is not a group mark word 
mark or the d-modifier in the read instruction is not 
R, the processing unit gates the character in E2 regis- 
ter to the storage location unloaded earlier in the 
E-cycle. The E-channel then waits for the tape syn- 
chronizer to transfer the next character to El register. 

The processing unit does not execute E-cycles after 
the internal end of transfer latch is set. The tape syn- 
chronizer continues to condition data lines and "tape 
read strobe" to the processing unit until the selected 
tape unit reads the complete record. The E-channel 
is committed to the tape read operation and cannot 
perform status sample B checks until the processing 
unit sets the internal end of transfer latch and the 
tape synchronizer drops "tape in process". "Not tape 
in process" allows the processing unit to set the ex- 
ternal end of transfer latch. 

If the tape synchronizer allows the external end of 
transfer latch to turn on before the processing unit 
sets the internal end of transfer latch, "external end 
of transfer" forces the last E-cycle in the operation. 
Tape synchronizer timings allow this condition to 
occur only when the E2 register is empty. If the char- 
acter that the forced E-cycle gates to the B-channel is 
a group mark word mark and the d-modifier in the 
read instruction is R, the processing unit sets the in- 
ternal end of transfer latch and returns the group mark 
word mark to storage. Because no character is in E2 
register, the processing unit does not set the wrong 
length record latch at status sample B time. 

If the character that the forced E-cycle gates to the 
B-channel is not a group mark word mark, the process- 
ing unit returns the character to storage and sets the 
internal end of transfer latch; the end of record latch 
is not set. 

"Internal end of transfer" and "external end of trans- 
fer" set the status sample B trigger. If either E2 regis- 
ter contains a character or the end of record latch is 
not set at status sample B time, the processing unit sets 
the wrong length record latch. 
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c 



E Channel Tape Read Instruction 



I 



D 



R (I) | Instruction Given Since 

Last E Channel Command? 

15.62.02 



Is Tape Sync 
12.62.02 



Busy Early? 
(15.65.02) 



Set E Channel Busy Status Indicator Latch 
12.62.02 (15.65.02) 



Bring Up l-O Interlock Check at 1-3 
18.14.11 



Bring Up Master Error 
18.14.08 



Reset Tape Select Register 
13.71.04 (15.67.02) 

I 



Set Tape Select Register at 1-6 
13.71.04 (15.67.02) 



Is Selected Tape Unit Ready? 
60.58.41 



Set E Channel Not Ready 
Status Indicator Latch 
12.62.01 (15.65.01) 



Is Tape Sync Busy? 
60.58.41 



Set E Channel Busy Status 

Indicator Latch 

12.62.02 (15.65.02) 

1 



Set E Channel Tape Call Latch at 1-12 
13.71.04 (15.67.02) 



Condition Read Call to Tape Sync 
13.71.05 (15.67.01) 



Set E Channel Correct Length Record Latch 
13.63.03 (15.65.07) 



Bring Up E Channel Any Status On 
13.72.05 (15.65.08) 



Bring Up Last Execute Cycle l-O 
13.65.07 (13.65.06) 



1410 or 7010 Tape Read Op? 



Selected Tape Unit Reads One Tape Char 
and Transfers Char to Tape Sync . Tape 
Sync Conditions Data Lines to E Channel 




Bring Up Last Execute Cycle 
12.12.51 (12.12.50) 



I 



Tape Sync Conditions Tape Read 
Strobe to E Channel 



End Operation; Read Out Next Instruction 



Bring Up Set E2 

15.61.02 

Gate Tape Char to E2 

Set E2 Full Latch 

15.61.08 



T 



Did Tape Read Instruction 
Move or Load Modi 



n Specify V 



Is Char in E2 Word Sep Char? 



Set E2 Reg Word Sep Latch 
15.61.04 



~\ No 



Reset E 2 Full Latch 
15.61.08 



A 



Bring Up Set E3 15.61.03 

Gate Char in E2 to E3 
Set E3 Full Latch 15.61.09 
Reset E2 Full Latch 15.61.08 



Wait for Next Char from Tape Sync 



I 



Yes/ Did Tape Read Instruction Specify 
Even Parity Op? 



Tape Sync Conditions Data 
Lines to E Channel 
15.60.11-18 



Invert C Bit in Char in E3 Reg 
15.61.04 



Tape Sync Conditions Tape Read 
Strobe to E Channel 

15.61.07 



Bring Up Set E2 15.61.02 

Gate Char into E2 Reg 
Set E2 Full Latch 15.61.08 



Is Char in E2 Word Sep Char? 



Is BAR (Unoverlap) or EAR (Overlap) 

Addressing Odd Address 
Memory Location? 



Bring Up Transfer E3 to El (15.61 .01) 

Gate Char in E3 to El 

Set El Full Latch (15.61.06) 

Reset E3 Full Latch (15.61.09) 



0(T, 



o Sheet 2) 



Bring Up E Cycle Required 

12.12.65 

Take an E Cycle 



Bring Up Set E3 15.61.03 
Gate Char in E2 and Word Mark to E3 

Set E3 Full Latch 15.61.09 
Reset E2 Full (15.61.08) and Word Sep 
(15.61.04) Latches . 



Bring Up Set E3 15.61.03 

Gate Word Sep Char to E3 

Set E3 Full Latch 15.61.09 

Reset E2 Full (15.61.08) and Word Sep 

(15.61.04) Latches 



& 




Is Char in Odd Address Memory 
Location GMWM AND d Char in Tape 
Read Inst R? ______ 



Load B Ch GMWM in Storage. Force 
C Bit on A Ch 



*When two ALD page numbers are shown in one block 
number in parenthesis indicates 7010 ALD page, 
ALD page 



lock in 1410 and 7010 path, the f\ 
the other number indicates 1410 \_/ ^ T< 



o Sheet 3) 



Figure 15. E-Channel Tape Read Operation (Sheet 1 of 5) 
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rom Sheet 1) 



Load Char in E 1 in Odd Address 
Memory Location 




(2?) (F, 



rom Sheet 1) 



Bring Up Transfer E3 to EO 15.61.01 

Gate Char in E3 to EO 

Set EO Full Latch 15.61.05 

Reset E3 Full Latch 15.61.09 



Wrap Around? 



Has Tape Sync Transferred 
Next Tape Char to E Channel? 



Has Tape Sync Dropped Tape in 
Process to E Channel? 




# 



Tape Sync Conditions Tape Read 
Strobe to E Channel 



Bring Up Set E2 15.61.02 

Gate Tape Char into E2 
Set E2 Full Latch 15.61.08 

1 ~~ 

Did Tape Read Instruction Specify 
Move or Load Mode? 



K_^ 



Char in E2 Word Sep Char? 



Is Word Sep Latch Set? 



Bring Up Set E3 15.61.03 

Gate Word Sep Char to E3 

Set E3 Full Latch 15.61.09 

Reset £2 Full Latch 15.61.08 

Reset Word Sep Latch 15.61.04 



Is Word Sep Latch Set? 



Set E2 Reg Word Sep Latch 
15.61.04 



Bring Up Set E3 15.61.03 

Gate Char in E2 and Word Mark to E3 

Set E3 Full Latch 15.61.09 

Reset E2 Full Latch 15.61.08 

Reset Word Sep Latch 15.61 .04 



Bring Up Set E3 15.61.03 

Gate Char in E2 to E3 
Set E3 Full Latch 15.61.09 
Reset E2 Full Latch 15.61.08 



Reset E2 Full Latch 
15.61.08 



Wait for Next Char from Tape Synchronizer 



Did Tape Read Instruction 
Specify Even Parity Op? 



Invert C Bit in Char in E3 Reg 
15.61.04 



Tape Sync Conditions Data Lines to E Ch 



w 



K 



Is E0 Reg Full? 



Bring Up Transfer E3 to El 15.61 .01 

Gate Char in E3 to El 

Set El Full Latch 15.61.06 

Reset E3 Full Latch 15.61.09 



Bring Up Transfer E3 to E0 15.61.01 

Gate Char in E3 to E0 

Set E0 Full Latch 15.61.05 

Reset E3 Full Latch 15.61.09 



Bring Up E Cycle Required 12.12.65 
Take an E Cycle 



Read Out Two Memory Characters 



c 



Return Characters Processed from 

Memory to Their Respective 
Memory Locations 



>f< 



Is Char in Even Address Memory 

Location GMWM AND d Char in 

Tape Read Instruction R? 




Has Tape Sync Transferred Next 
Tape Char to E Channel ? 




Has Tape Sync Dropped Tape in 
Process to E Channel? 



Load Char in E0 in Even Address Memory 

Location and Load GMWM in Odd Address 

Memory Location. Reset EOFull Latch 

15.61.05 



y 



~c 



Is Char in Odd Address Memory 
Location GMWM AND d Char in 
Tape Read Instruction R? 



Read Sync Latch Resets El and 

EOat LGY of the E Cycle 

15.61.10 



Load Characters in E0 and El in Even and 
Odd Address Memory Locations Respectively 



Reset EOFull Latch 15.61.05 
Reset El Full Latch 15.6 1.06 



. 3 ) (To Sheet 3) 

Figure 15. E-Channel Tape Read Operation ( Sheet 2 of 5 ) 




Wrap Around? 






1410/7010 Channel Tape Operations 35 



£ 



(From Sheets 1 and 2) 



ring Up Set End of Record Latch 
15.61.13 



J2) 



33) (From Sheet 2) 



Bring Up Set End of Record Latch 
15.61.13 



Set E Ch End of Record Latch 
, 15.61.13 
Set E Ch Internal End of Transfer Latch 

15.61.12 



Set E Ch End of Record Latch 

15.61.13 

Set E Ch Internal End of Transfer Latch 

15.61.12 



Bring Up E Ch Internal End 

of Transfer Delayed 

15.61.13 



Selected Tape Unit Reads Tape Characters 
to End of Tape Record (Inter-record Gap) 
and Transfers Characters to Tape Sync. 
Tape Sync Conditions Data Lines to E 
Channel. After Internal End of Transfer 
Latch is Set, E Channel Does not Initiate 
More E Cycles to Store Tape Characters in 

Memory, but E Channel Accepts Enough 
Tape Characters to Load the Four E Channel 
Data Registers. The Characters are Lost in 
the Registers. When the Four Data Registers 
are Filled, Other Tape Characters are Lost 
at Input to E2. The First Tape Read Strobe 
Pulse from Tape Sync After Internal End of 

Transfer Latch is Set Sets Wrong Length 

Record Condition Latch (15.62.06). When 

Tape Sync Transfers Last Character in Tape 

Record to E Channel and Checks Tape 

Record. Tape inProcess Drops, Allowing 

External End of Transfer Latch to Turn On. 

Both External and Internal End of Transfer 

Latches Must be Set to Bring Up Status 

Sampl e B _ 



T 



Bring Up E Ch Internal End 

of Transfer Delayed 

15.61.13 



( 32 ) (From Sheet 2) 



°/ Has Tape Sync Transferred Last Char \ Yes 
\ in Tape Record to E Ch? 



Set External End of Transfer Latch 
15.61.11 



Tape Sync has Transferred Last Char 
in Tape Record to E Ch and Dropped 
Tape in Process 



) 



•<1 



Internal End of Transfer Latch Set? 



Bring Up E Cycle Required 

12.12.65 

and Take an E Cycle 



_L~ 



Is E0 Reg Full? 



Process Two Characters from Memory 



Is Char from Even Address Memory 

Location GMWM AND d Char in Tape 

Read Inst R? 



< Return Chars Processed from Memory to ^__ 
Their Respective Memory Locations j 



Process Two Characters from Memory 



E Channel Last Input Cycle Sets E Channel 

Internal End of Transfer Latch 

15.61.12 

E Channel End of Record Latch is Not Set 



Is Char from Even Address Memory \ Yes 
Location GMWM and d Char in Tape 
Read Inst R? 



y es / Is Char from Odd Address Memory \ ^i 
Location GMWM AND d Char in Tape X 
Read Inst R? 



Load Char in E0 in Even Address Memory 
Location, and Load GMWM in Odd Address 

Memory Location. Reset E0 Full Latch 
(15.61.05) 



Bring Up Set End of Record Latch 
15.61.13 



(Return Characters Processed from Memory y" 
to Their Respective Memory Locations J_ _ 



Set E Ch End of Record Latch 


15.61 


13 


Set E Ch Internal End 


of Transfer Latch 


15.61 


12 



Bring Up E Ch Internal End of 

Transfer Delayed 

15.61.13 



E Channel Last Input Cycle Sets E Channel 

Internal End of Transfer Latch 

15.61.12 

E Channel End of Record Latch is Not Set 



Bring Up Status Sample B 
15.65.12 



No/ Is Wrong Length Record Condition Latch \ Yes 



Set Or is End of Record Latch Reset? 



Set E Ch Correct Length Record Latch 
15.65.07 



Set E Ch Wrong Length Record Latch 
15.65.06 



Set E Ch Data Check Status Indicator 
15.65.03 



•<l 



d Tape Sync Detect Error in Read Op? 



1 



Tape Indicator (T I) On? 



Set E Ch Condition Latch 
15.65.04 



Set Turn Off Tape Indicator Latch 
15.67.03 



<_ 



E Ch Second Sample B 



Condition Turn Off Tape Indicator 

to Tape Sync 

15.67.03 

1 



Yes / Did Tape Read Instruction Specify \ No 



Turn Off Overlap in Process Controls 



t/ dT 



^ry. 



Bring Up Last Execute Cycle 
12.12.50 



End 7010 Tape Read Operation 



Figure 15. E-Channel Tape Read Operation (Sheet 3 of 5) 
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4 ) (From Sheet 1) 



Selected Tape Unit Reads One Char From 

Mag Tape and Transfers Char to Tape 

Sync. Tape Sync Conditions 

Data Lines to E Ch 



Tape Sync Conditions Tape 
Read Strobe to E Ch 



Set E Ch Strobe Trigger 
15.62.03 



(45 ) (From Sheet 5) 



Is El Reg Full? 
15.41.10 



No 



Did Tape Read Instruction 
Specify Even Parity Op? 



Invert C Bit in Input Char From Tape Sync 
15.60.07 



Set Char From Tape Sync in E 1 
15.62.04 



Set El Reg Full Latch 
15.41.10 



Reset Strobe Trigger 

15.62.03 

I 



Move / Did Tape Read Instruction 
Move or Load Mode 



Specify \J 



E Ch Word Sep Mode Is Conditioned 
15.62.02 



I 



Is Char in El Word Sep Char? \Yes 



15.41.01 



y 



Reset El Reg , Word Sep Latch 

15.41.11 

I 



Set El Reg Word Sep Latch 
15.41.11 



Is E2 Reg Word Sep Latch Set? 
15.41.11 



Bring Up Copy El Word Mark and C Bit 
15.62.06 



Bring Up Copy Invert Word Mark and C Bit 
15.62.02 



Bring Up Copy El Word Mark and C Bit 
15.62.06 



Bring Up Copy El Reg BCD to E2 
15.62.06 



I 1 . 

Is E2 Reg Full Latch Set? \_ 

15.41.11 / 



Transfer Char in El to E2 
15.62.04 



Reset El Reg Full Latch 
15.41.10 



Set E2 Reg Word Sep Latch 
15.41.11 

1 



<Z 



Is E2 Reg Word Sep Latch Set 
15.41.10 



L> 



El Reg Word Sep Latch SeT? \ No 

15.41.11 / 



Set E2 Reg Full Latch 
15.41.10 



Yes / | s Internal End of Transfer Latch Set? 
\ 13.63.01 



~\ No 



Has Tape Sync Dropped 
Tape In Process to E Ch? 



Set External End of Transfer Latch 
13.42.11 



~fe 



54 ) (To Sheet 5) 



Has Tape Sync Conditioned 
Read Strobe to E Ch? 



Set E Cycle Required 
12.12.62 



^ 



Yes/ is E2 Reg Word Sep Latch Set? \ No 
15.41.11 / 



(To Sheet 5) 



Set E Ch Strobe Trigger 
15.62.03 



Figure 15. E-Chanrfel Tape Read Operation (Sheet 4 of 5) 
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5 ) (From Sheet 4) 



Set E Cycle Control Latch 
12.12.66 



Use Logic Gate Clock 
11.10.11 



Did Tape Read Instruction 
Specify Overlap Op? 



Use Extension Ring Clock 
11.10.20 



:_£ 



Take an E Cycle 



X 



Is d Mod in Tape Read 
Instruction $ or R? 



Is BChChar GMWM? 
15.41.07 



Is Last Input Cycle Set? 
13.63.02 



Set End of Record Latch 
13.63.01 



Gate Char in E2 to Storage 



Reset E2 Full Latch 
15.41.12 



Reset E2 Word Sep Latch 
15.41.11 



Wrap Around? 



Did Tape Read Instruction 
Specify Overlap Op? 



Bring Up Compute Disable 



Set End of Record Latch 
13.63.01 



Use Logic Clock for F or Compute Cycles 



X 



Set Internal End of Transfer Latch 
13.63.01 



Has Tape Sync Dropped Tape 
In Process to E Ch? 



Has Tape Sync Conditioned 
Read Strobe to E Ch? 



Set External End of Transfer Latch 
13.42.11 



Set E Ch Strobe Trigger 
15.62.03 



t 4) (45) 



Set Last Input Cycle 
13.63.02 



Is Internal End of Transfer Latch Set? \ 
13.63.01 / 



54 J (From Sheet 4) 



Set Status Sample B Latch 
13.65.05 



Set E Cycle Required 
12.12.62 



Is E2 Reg Full Latch Set? 
15.41.10 



Is End of Record Latch Off? 
13.63.01 



Set E Ch Correct Length Record Latch 
13.63.03 



<» 



J-± 



d Tape Sync Detect Error in Read Op' 



Z> 



1_C 



Tape Indicator (Tl) On? 



C 



E Ch Second Sample B 



1 r 



Bring Up Last Execute Cycle 
12.12.51 



Did Tape Read Instructior 
Specify Overlap Op? 



End 1410 Tape Read Operation 



is External End of Transfer Latch Set? 



Set E Ch Wrong Length Record Latch 
13.63.03 



Set E Ch Condition Status Indicator 
12.62.04 



Set E Ch Data Check Status Indicator 
12.62.04 



Set Turn Off Tape Indicator Latch 
13.71.04 



Condition Turn Off 
Tape Indicator to Tape Sync 13.71.04 



Turn Off Overlap in Process Controls 



Figure 15. E-Channel Tape Read Operation (Sheet 5 of 5) 
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Channel Tape Unit Control Operation 

The tape unit control instruction specifies one of five 
tape operations: write tape mark, backspace, rewind, 
rewind unload, or erase. The d-modifier in the unit 
control instruction designates the unit control opera- 
tion to be executed. 

Tape unit control operations do not require data 
transfers between the processing unit and the tape syn- 
chronizer. The write tape mark operation is the only 
unit control operation that requires the selected tape 
unit to record a character on magnetic tape. In this 
case, however, the tape synchronizer automatically 
generates the character. 

Each unit control instruction causes the selected 
processing unit channel to unconditionally set the cor- 
responding correct length record latch, even if the 
tape unit does not execute the operation. 

When the processing unit decodes a unit control 
instruction, it conditions "compute disable" for 25 
microseconds at I-ring 6 time, stopping the clock in 
the processing unit. This 25-microsecond delay, called 
the unit control instruction read out delay, allows lines 
between the processing unit and the tape synchronizer 
to settle before the operation proceeds. 

The processing unit conditions the appropriate call 
signal to the tape synchronizer to start the designated 
unit control operation if: 

1. The tape synchronizer is not busy 

2. The selected tape unit is in ready status 

3. The unit control operation does not require the 
selected tape unit to move tape backward beyond 
load point. 

In all other unit control operations except write 
tape mark, the processing unit has no function in the 
operation after sending the call signal to the tape 
synchronizer. The tape synchronizer and tape unit 
initiate and execute all subsequent actions; the process- 
ing unit channel is free to control other i-o operations. 
Depending on the unit control operation being per- 
formed, the tape synchronizer may or may not be 
designated to start another tape operation before the 
previous unit control operation is complete. In all 
cases, the tape unit must complete a tape operation 
before it can be selected to perform another operation. 

Figure 16 shows E-channel actions in the execution 
of the tape unit control operations. 

Write Tape Mark 

When the d-modifier in the unit control instruction 
is M, the processing unit conditions "write tape mark 
calF to the tape synchronizer. "Write tape mark call" 
sets the tape in process, write tape mark, and dis- 
connect latches in the tape synchronizer, initiating a 



one character (plus check character) write operation. 
The tape synchronizer returns "tape in process" and 
"tape busy" to the processing unit. "Tape in process" 
holds the channel busy line active, and blocks "ex- 
ternal end of transfer" until the tape unit records the 
tape mark and check character and the tape synchro- 
nizer checks the data written on tape. The channel can- 
not begin another i-o operation while "tape in process" 
is active. "Tape busy" prevents the channel from 
starting another tape operation until the write tape 
mark operation is complete and tape synchronizer 
circuits reset. 

The tape synchronizer automatically conditions the 
1-, 2-, 4-, and 8-bit data lines to the selected tape unit. 
The tape unit records the tape mark and the check 
character (the check character has the same bit con- 
figuration as the tape mark). The tape synchronizer 
cancels "tape in process" and later "tape busy" to the 
processing unit, ending the operation without an 
error if: 

1. The tape mark instruction specified that the write 
tape mark operation be executed in even parity (U 
in tens position of X-control field ) , and 

2. The tape unit recorded the tape mark without 
dropping an odd number of bits. A tape mark is al- 
ways an even parity character and must be checked 
for even parity. 

If the tape synchronizer detects an error while exe- 
cuting the write tape mark operation, it conditions 
"tape error" to the E-channel, causing the processing 
unit to set the data check status indicator at status 
sample B time. 

Backspace 

The unit control instruction with a B d-modifier causes 
the processing unit to condition "backspace call" to 
the tape synchronizer. The tape synchronizer brings 
up "tape busy" to the processing unit, indicating that 
the synchronizer is engaged in a tape operation and 
cannot execute another operation until backspacing 
is complete. The processing unit has no function in 
the backspace operation after transmitting "backspace 
call"; the tape synchronizer and the selected tape unit 
initiate and perform subsequent actions in the opera- 
tion. The tape synchronizer performs no checks in the 
backspace operation, and "tape error" is not condi- 
tioned during the operation. The designated channel 
is not committed to the operation while the tape unit 
moves tape backward; therefore, the channel is free 
to address any other i-o device except a tape unit. 
Another tape operation cannot begin until backspacing 
is complete and the tape synchronizer cancels "tape 
busy." 



1410/7010 Channel Tape Operations 39 



Q 



E-Channel Tape Unit Control Instruction 



) 



C 



R (I) $ Given Since Last E 

Channel Command? 

15.62.02 (15.62.02) 



Bring Up l-O Interlock Check 
18.14.11 (18.14.11) 



Reset Status Indicators 
15.41.12 (15.62.11) 



Bring Up Master Error 
18.14.08 (18.14.08) 



Tape Sync Busy Early? 
12.62.02 (15.65.02) 



Reset Tape Select Reg 
13.71.04 (15.67.02) 



Set E Chan Busy Status Indicator Latch 
12.62.02 (15.65.02) 



Set Tape Select Reg 
13.71.04 (15.67.02) 



c 



25 usee Compute Disable Cycle at 16 

to Allow Lines Between Processing 

Unit and Tape Sync to Settle 



Bring Up Unit Control Instruction 

Read Out Delay 

13.71.04 (15.67.04) 



Selected Tape Unit Ready? 
60.58.41 (60.58.41) 



Tape Sync Busy? 
60.58.41 (60.58.41) 



Set End of Record Latch 
13.63.01 (15.61.13) 



Set Internal End of Transfer Latch 
13.63.01 (15.61.12) 



Set E Chan Not Ready Status Indicator Latch 
12.62.01 (15.65.01) 



Set E Channel Busy Status 

Indicator Latch 

12.62.02 (15.65.02) 



T 



M Symbol Op Modifier? 
13.63.03 (15.65.07) 



E Channel Ungated Sample A 



> 



1 



Set E Channel Correct Length 

Record Latch 

13.63.03 (15.65.07) 



k 



Channel Ungated Sam 



pie AJ 



Set E Channel Correct Length 

Record Latch 

13.63 v .03 (15.65.07) 



Bring Up E Channel Any Status On 
13.72.05 (15.65.08) 



Bring Up E Channel Any Status On 
13.72.05 (15.65.08) 



Bring Up Last Execute Cycle l-O 
13.65.07 (13.65.06) 



Bring Up Last Execute Cycle 1-0 
13.65.07 (13.65.06) 



Bring Up Last Execute Cycle 
12.12.51 (12.12.50) 



Bring Up Last Execute Cycle 
12.12.51 (12.12.50) 



End Operation Read Out Next Instruction 



B or R Symbol Op Modifier? 
13.11.04 (13.12.01) 



No (E,M, orU) 



Tape on Selected Tape 

Unit at Load Point ? 
13.71.04 (15.67.02) 



Rewind Unload Inst to 729 Tape Unit 

at Load Point Causes Tape Unit to 

Unload Tape; 7330 Tape Unit at Load 

Point Hangs Up 



End Operation Read Out Next Instruction 



E Symbol Op Modifier? 
13.11.04 (13.12.01) 



Set E Channel Tape Call Latch 
13.71.04 (15.67.02) 



When Last Execute Cycle 1-0 is 

Conditioned, Compute Disable Cycle 

Prevents System from Reading Out Next 

Inst Until Tape Call Latch is Reset 



Condition Erase Call to Tape Sync 
13.71.05 (15.67.01) 



Bring Up Compute Disable Cycle 
12.12.60 (12.12.60) 



"(>> 



End Operation Read Out Next Instruction 



b Sheet 2) 



* When two ALD page numbers are shown in one block in 1410 and 7101 path, the number in 
parenthesis indicates the 7010 ALD page; the other number indicates the 1410 ALD page. 



Figure 16. E-Channel Tape Unit Control Operation (Sheet 1 of 2) 
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3 



2 ) (From Sheet 1) 



M Symbol Op Modifier? 



B Symbol Op Modifier? 



Send Backspace Call to Tape Sync 
13.71.05 (15.67.01) 



Send Write Tape Mark Call to Tape Sync 
13.71.05 (15.67.01) 



Set Tape in Process and Busy 
Latches in Tape Sync 



R Symbol Op Modifier? 



Send Rewind Call to Tape Sync 
13.71.05 (15.67.01) 



U Symbol Op Modifier ? 



Send Rewind Unload Call to Tape Sync 
13.71.05 (15.67-01) 



Condition Tape in Process to System 
13.42.11 (15.61.11) 



Condition Tape Busy to System 
12.62.02 (15.65.02) 



Set Ext End of Transfer Control Latch 
13.42.11 (15.61.11) 



Bring Up E Channel Busy 



Overlap Operation? 



Start Logic Clock Take F or Compute Cycles 



Stop Logic Clock 



1_£ 



Tape Sync Causes Selected Tape Unit 

to Write a Tape Mark. Tape Sync 
Checks the One Character (Plus Check 
Character) Record 



Invalid Op Modifier Symbol 
Machine Hangs Up 



Tape Sync Conditions Tape Busy to System 
12.62.02 (15.65.02) 



Bring Up E Channel Busy Bus 
12.62.02 (15.65.02) 



Reset E Channel Tape Call Latch 
13.71.04 (15.67.02) 



Drop Compute Disable 
12.12.60 (12.12.60) 



I 



End Operation; Read Out Next Instruction 



Reset Tape in Process Latch in Tape Sync; 

Drop Tape in Process to System 

68.53 



I 



Set E Channel Ext End of Transfer Tgr 
13.42.11 (15.61.11) 



Bring Up Status Sample B 
13.65.05 (15.65.12) 



E Channel Is Free to Control Another 

l-O Operation. Tape Sync Cannot 

Perform Another Tape Operation Until 

.^^ Busy Latch Is Reset __^ 



Has Tape Sync Conditioned 
Tape Error to System? 
12.62.03 (15.65.03) 



Set E Channel Data Check Status Indicator 
12.62.04 (15.65.03) 



/ Has Tape Sync Conditioned Select and \ ., 
5 / Tape Indicator On to System? V — 



12.62.03 (15.65.04) 



Set E Channel Condition Latch 
12.62.04 (15.65.04) 



Set Turn Off Tape Indicator Latch 
13.71.04 (15.6-7.03) 



Condition Turn Off Tape Indicator 

to Tape Sync 

13.71.04 (15.67.03) 



Turn Off Overlap in Process Controls 



-C 



E Channel Second Sample B 



J 



Overlap Operation? 



End Operation Read Out Next Instruction 



Bring Up l-O Last Execute Cycle 
13.65.07 (13.65.06) 



Figure 16. E-Channel Tape Unit Control Operation (Sheet 2 of 2) 
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If tape on the selected tape unit is at load point 
when the processing unit decodes the backspace in- 
struction, the processing unit does not condition "back- 
space call", and the backspace operation is not exe- 
cuted. It is never necessary to move tape backward 
beyond load point. 



Rewind and Rewind Unload 

When the d-modifier in the unit control instruction 
is R (rewind) or U (rewind unload), the processing 
unit conditions "rewind call" or "rewind unload" to the 
tape synchronizer. The tape synchronizer brings up 
"tape busy" to the processing unit, indicating that the 
tape synchronizer is engaged in a tape operation and 
cannot execute another operation. The processing unit 
has no function in the rewind or rewind unload opera- 
tion after transmitting "rewind call" or "rewind un- 
load"; the channel is then free to control any other i-o 
device except the tape synchronizer. 

When the selected tape unit first begins to rewind 
tape, it sends "select and rewind" to the tape synchro- 
nizer, causing the synchronizer to cancel "tape busy" 
and to relay the "select and rewind" signal to the 
processing unit. Actions that occur after the tape unit 
conditions "select and rewind" are under complete 
control of the selected tape unit. 

The processing unit can select the tape synchro- 
nizer to perform another operation when "tape busy" 
drops, but "select and rewind" prevents the tape unit 
executing the rewind operation from being selected. 
Therefore, it is possible to have all tape units on the 
channel rewinding tape at the same time. 



If tape on the selected tape unit is at load point 
when the processing unit decodes the rewind instruc- 
tion, the channel does not condition "rewind call" 
to the tape synchronizer, and the rewind operation is 
not executed. If the processing unit decodes the re- 
wind unload instruction when tape on the designated 
tape unit is at load point, the channel initiates the re- 
wind unload operation. If the rewind unload instruc- 
tion specifies a 729 tape unit, the tape unit unloads 
tape; if the rewind unload instruction specifies a 7330 
tape unit, the tape unit "hangs up." In both cases, 
however, the tape unit does not move tape backward 
beyond load point. 

Erase 

The unit control instruction with an E d-modifier 
causes the processing unit to send "erase call" to the 
tape synchronizer. The unit select character in the 
erase instruction performs no function in the tape 
synchronizer execution of the erase operation. The 
erase instruction conditions the tape synchronizer to 
erase a section of tape when the subsequent write 
operation begins; no tape movement occurs, however, 
until the write operation starts. Because "erase call" 
does not cause the tape synchronizer to transfer to 
busy status, the processing unit is free to execute an- 
other tape or other i-o operation immediately. 

The write magnetic tape instruction should follow 
the erase instruction. If a read or backspace operation 
is initiated while the tape synchronizer is conditioned 
to erase a section of tape, all erase conditions are reset. 
Another erase instruction and a write instruction must 
be given to blank a section of tape. 
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Functional Units and Checking Circuits 



Final Amplifiers 

Final amplifiers in the tape synchronizer (Figure 17) 
detect, filter, and amplify input data from the tape 
unit. Final amplifiers consist of seven identical tracks, 
one for each bit in the bcd code, and gating and bias- 
ing circuits. Each final amplifier track has two sep- 
arately gated stages to eliminate noise transfer to the 
read registers. 



Gating and biasing circuits establish standards for 
processing within the final amplifiers because: 

1. Data signals from various tape units are of dif- 
ferent frequencies. 

2. Requirements that the tape synchronizer estab- 
lishes for data signals in tape read operations differ 
from the requirements established for data pulses in 
tape write operations. 



Not Write 



Amp Bias 



Gate on Final Amplifiers 



1-Bit (From 729) 



1 -Bit (From 7330) 



2-Bit (From 729) 



2 -Bit (From 7330) 



AM 



AM 



AM 



I 1 r^ AM 

Write P^ L 1 



Select, Ready Mod 2(5) or 4( 6) 



Read Condition 



AM 

YJG 
or 
DZA 



AM 

YJG 

or 

DZA 



First Stage of Final Amplifier 



Hi-Clip 



Low-Clip 



Hi-Clip 



Low -Clip 



AM 



AM 



AM 



AM 



Last Stage of 
I Final Amplifier J 



-Y Hi-Clip 1-Bit 



-Y Low-Clip 1-Bit 



-Y Hi-Clip 2-Bit 



-Y Low-Clip 2-Bit 



* only two of the seven final amplifier tracks are shown; other tracks 
operate in an identical manner. Final amplifiers logic is shown on 
system pages 60.40.10.1(1414-1 and 2) and 90.40.10.1 (1414-7) 

Figure 17. Final Amplifiers 
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Tape Synchronizer With 800 cpi Feature** 


Tape Synchronizer Without 800 cpi Feature*** 


Tape Read Operation* 


Tape Write Operation* 


Tape Read Operation* 


Tape Write Operation* 


Low -Clip 
PinF 


Hi-C|ip 
PinC 


Hi-Clip 
PinC 


Low-Clip 
PinF 


Low-Clip 
PinF 


Hi-C|ip 
PinC 


Hi-Clip 
PinC 


Low-Clip 
PinF 


O.OOv 

to 
0.14v 


1.24v 

to 

1.56v 


1.47v 

to 

1.93v 


0.90v 

to 

1.36v 


O.OOv 

to 
0.14v 


1.69v 

to 

2.00v 


2.06v 

to 
2.50v 


1 .33v 

to 

1.78v 



*Chart represents values with AMP BIAS switch off; all values are positive with respect to -12v 

**DZA Clipper Card 

***YJG Clipper Card (1414-1 Without 800 cpi Feature) 

****Values are accurate when only gates (no data pulses from tape unit) are applied to Clipper Card 

Figure 18. High-Clip and Low-Clip Outputs of Final Amplifier Clipper Card 



The clipping card* in each final amplifier track gen- 
erates high- and low-clip outputs. The high- and low- 
clip pulses eliminate noise and weak data signals and 
produce uniform inputs to the last stage of the final 
amplifier track. When only gates (no data applied) 
to the clipper card are conditioned, levels listed in 
Figure 18 appear at the output of the card. Clipping 
levels in tape write operation are normally higher than 
clipping levels in a tape read operation to insure that 
characters written on tape are of sufficient amplitude 
to be read in a subsequent read operation. 

When data signals of correct amplitude are applied 
to the clipper card, high- and low-clip outputs from 
the card increase to levels established by the biasing 
circuit. If input data signals to the clipper card are 
not of sufficient amplitude, one of two actions occur 
depending on the peak voltage of the weak signal. 

1. Normal low-clip outputs might be present at the 
output of the clipper card, but high-clip outputs will 
not be affected by the data input. 

2. High- or low-clip pulses may not increase with 
the weak data input. 

For example, assume (figures for the example are se- 
lected for illustrative purposes and do not represent 
true voltage levels) that an 8-volt data signal at the 
input of the clipper card is required to yield normal 
high- and low-clip outputs. A 4-volt input signal will 
probably produce the normal low-clip output, but the 
high-clip output will not increase from the no data 
condition. A 2-volt data input will not cause a change 
on either the high- or low-clip output pins. 

High- and low-clip outputs from the clipper cards 
feed the last stage of the final amplifier track. Output 
signals from the clipper card must rise for 5 micro- 
seconds and fall 0.2-volt to fire the Schmitt trigger at 

*YJG clipper cards are used in 1414-1 tape synchronizers not 
equipped with the 800 cpi feature. DZA clipper cards are 
used in 1414-1 tape synchronizers equipped with the 800 cpi 
feature and in 1414-7 tape synchronizers. 



the input of the last amplifier stage. With normal in- 
puts, high- and low-clip outputs of the last amplifier 
stages are approximately the same amplitude. Because 
729 and 7330 tape units read and transfer characters 
to the tape synchronizer at different rates, the select, 
ready mode 2 or 4 line (conditioned when any 729 
tape unit executes the tape operation) conditions the 
last stage of the final amplifiers to compensate for fre- 
quency differences in the input data signal. 

Read Registers 

Both read register A and read register B (Figure 19) 

have seven data latches, one for each bit in the bcd 

code. Low-clip bits from the final amplifiers set read 

register B data latches; high-clip bits set read register 

A data latches. Read register A or read register B sets 

the longitudinal redundancy check register (lrcr) 

and, in tape read operations, the read-write register. 

In the read check of a tape write operation, the read 

registers must be loaded with a full character (due 

to skewgate considerations): 

at read clock-4 (rc-4) time if the tape unit writing 

the record is recording at any other density except 

800 cpi. 

at read clock-5 (rc-5) time if a 729 v tape unit is 
performing the write operation in the 800-cpi den- 
sity mode. 

at read clock-6 (rc-6) time if a 729 vi tape unit is 
performing the write operation in the 800-cpi den- 
sity mode. 
In a read only operation, all bits in the character 
must be stored in the read registers before rc-7 time. 
The tape synchronizer checks the character in read 
register A for a vertical redundancy error. The status 
of the odd redundancy latch determines whether the 
character is checked for odd or even redundancy. If 
a vertical redundancy error is detected in a tape read 
operation, the A register vrc latch is set, causing the 
A register vrc error indicator to turn on; the read- 
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Write 
RC-1CL 



Rd Reg B 
1,2,4,8, 
A,B, and C 
Data Latches 



Low-Clip Outputs from Final 



Amps 



Data 
Latches 

40.20-3 



(Write) RC-10 Reset 



(Read) RC-7 Reset 



Hi-Clip Outputs 
from Final Amps 



D> 




Compare Error 



Set LRCR 



Data 
Latches 



40.20-3 



(Write) RC-5for 1414-1 and 2 
(Write) RC-7 for 1414-7 

(Read) RC-7 



Figure 19. Read Registers 




Rd Reg A 
1,2,4,8, 
A,B,and C 
Data Latches 



write register and the longitudinal redundancy check 
register (lrcr) are unconditionally loaded with the 
character in read register B. In a read check of a write 
operation, the read-write register is not loaded with a 
character from either read register; a vertical redun- 
dancy error in read register A sets the A register vrc 



and error latches, causing the A register vrc error and 
error indicators to turn on; read register B uncondi- 
tionally sets the lrcr. If no error is detected in the 
character in read register A, the output of read regis- 
ter B is blocked, and read register A sets the lrcr and, 
in a tape read operation, the read-write register. 
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Because different final amplifier circuits set read 
register A and read register B, the same character 
might not be stored in both read registers. In the read 
check of a write operation, the character in read regis- 
ter A is compared to the character in read register B. 
Data in both registers should represent the same char- 
acter. 



Read-Write Register 

The seven data latches that make up the read-write 
register (Figure 20) process output data from the tape 
synchronizer. 

In a tape read operation, characters from the se- 
lected tape unit set the read registers; read register A 
or read register B loads the read-write register. Data 
stored in the read-write register are transferred to the 
system (processing unit 1410/7010 or data channel 
7040/7044). If the system does not accept the char- 
acter before the read-write register is reset, the char- 
acter is lost, but the tape read operation is not inter- 
rupted. The next character from the read register sets 
the read-write register, and output data lines to the 
system are conditioned. 

In a tape write operation, write clock outputs reset 
the read-write register and gate characters from the 
system to the read-write register; data are transferred 
to the selected tape unit to be recorded. In the read 
check of the tape write operation, the input to the 
read-write register from the read registers is blocked; 
read register characters cannot be loaded in the read- 
-write register. 

In a write tape mark (write end of file) operation, 
"write tape mark" blocks normal input paths to the 
read-write register and directly sets the read-write 
register's 1-, 2-, 4-, and 8-bit data lateh^ conditioning 
the corresponding data lines to the tape unit. 

Each character loaded in the read-write register is 
checked for a vertical redundancy error. The status of 
the odd redundancy latch determines whether the 
character is checked for odd or even redundancy. A 
vertical redundancy error sets the read- write register 
vrc and error latches, but the tape synchronizer does 
not interrupt the operation if the Stop On Error ce 
switch is not on. 

Longitudinal Redundancy Check Register (LRCR) 

The seven binary triggers that make up the lrcr de- 
termine the horizontal bit structure of a record. 

All lrcr triggers are set at the beginning of a tape 
write, read, or write tape mark operation. A delay 
counter output examines the status of the lrcr triggers 
during the write or read delay. The on output of any 



lrcr trigger sets the error latch, and if all lrcr trig- 
gers are on, indicating correct lrcr operation, the gate 
for the first stage of the final amplifiers is conditioned. 
A delay counter output later in the write or read de- 
lay resets the lrcr triggers and all tape synchronizer 
error latches. If at least one, but not all lrcr triggers 
are not set: 

1. No lrcr triggers are reset. 

2. The error latch is not reset. 

3. The gate for the first stage of the final amplifiers 
is not conditioned, consequently, data from tape are 
not processed through the final amplifiers. 

4. The tape runs off the file reel in read operations 
and in write operations not executed on a 729 tape 
unit. 

Input bits to the lrcr set or reset corresponding 
lrcr triggers to their opposite states (the first bit turns 
on the corresponding trigger; the second bit resets the 
trigger; the third bit sets the trigger, etc.). After the 
tape synchronizer processes the check character, all 
lrcr triggers should be reset; any lrcr trigger on at 
the end of the operation sets the error latch. 

Figure 21 illustrates the lrcr action on a simple 
tape record containing the characters I, B, and M. 
Each character is checked for vertical and longitudi- 
nal redundancy errors. Assume that the system has 
called for even parity operation. The horizontal and 
vertical bit counts are even. When the tape synchro- 
nizer processes the character, all lrcr triggers are re- 
set, indicating correct operation. 

The dotted circles note bits dropped during the 
read check operation. The bits were written on tape, 
as indicated by the check character bit configuration, 
but were dropped during the read check of the write 
operation. Dotted lines represent error conditions in 
the sequence chart. When "lrcr sample" is active, two 
lrcr triggers are on, and the tape synchronizer indi- 
cates an lrcr error. Because both dropped bits are 
in the same character (B), the vertical structure of 
the character is still even, and no vertical redundancy 
error is registered. If only one bit had been dropped in 
the character, vertical and longitudinal redundancy 
errors would have been registered. 

The tape synchronizer samples the lrcr after the 
check character has been read to insure that all char- 
acters are entered. 

Odd-Even Character Counter 

The odd-even character counter determines whether 
the tape record has an odd or even number of char- 
acters preceding the check character. If the character 
counter indicates an even number of normal char- 
acters, the odd redundancy latch is unconditionally 
reset, and the check character is checked for even 
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Write Tape Mark 



^ 40.52 
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2-Bit Data Line from Read Reg 
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Figure 20. Read- Write Register 



Functional Units and Checking Circuits 47 



On 



On 



On 



On 



CO 
{ 1 ) 



On 



Off 



Off 



On 



Figure 21. lrcr Check 
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parity. If the odd-even character counter shows that 
an odd number of characters have been recorded be- 
fore the check character, the tape synchronizer checks 
the check character for odd or even parity as deter- 
mined by the state of the odd redundancy latch. The 
following examples illustrate this action. 

If the odd redundancy latch is on and a two char- 
acter record is written on tape, the character counter 
shows that an even number of characters precede the 
check character in the record. If the bit structures of 
the characters are 1, 2, 4, 8, A, B, C and 1, 4, A, the 
bit structure of the check character is 2, 8, B, C. The 
odd redundancy latch is set; therefore, the first two 
characters of the record are checked for odd parity. 
Because the character counter shows an even count, 



the odd redundancy latch is reset when the check 
character latch is set, and the check character is 
checked for even parity. 

If the odd redundancy latch is set and a three char- 
acter record is written on tape, the character counter 
shows that an odd number of characters precede the 
check character in the record. If the bit structure of 
the characters are 1, 2, 4, 8, A, B, C — 1, 4, A, and 

1, 4, 8, the bit structure of the check character is 1, 

2, 4, B, C. The odd redundancy latch is set; therefore 
the first three characters of the record are checked for 
odd parity. Because the character counter shows an 
odd count, the check character is checked for the 
parity indicated by the odd redundancy latch. The 
check character is, therefore, checked for odd parity. 
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Vertical Redundancy Check (VRC) 

Data from read register A and the read-write register 
condition vrc circuits to determine the vertical bit 
structure of a character. The correct vertical structure 
can be either odd or even, as designated by the status 
of the odd redundancy latch. To check a record in 
odd parity, the data channel or the processing unit 
must condition the "odd redundancy call" line to the 
tape synchronizer to turn on the odd redundancy 
latch. The output of the latch conditions the vrc cir- 
cuits to indicate an error when the vertical bit struc- 
ture of a character is even. When the latch is off, the 
vrc circuits indicate an error if the vertical bit struc- 
ture of a character is odd. The following example 
illustrates this action. 

If the character G (1-, 2-, 4-, A-, B-, and C-bits) 
is checked for even parity and one bit in the char- 
acter has been dropped, a vertical redundancy error 
is indicated because the character then shows an odd 
bit count. If an even number of bits in the character 
are dropped, the vertical redundancy check circuits 
do not detect the error. 



Echo Errors 

At write clock-4 (wc-4) time in 1414-1 and 2 oper- 
ation or at write clock-6 (wc-6) time in 1414-7 oper- 
ation, the no echo latch is set. When the character 
processed during the current write clock cycle is writ- 
ten on tape, the tape unit develops an echo pulse; 
the echo pulse is sent to the tape synchronizer to re- 
set the no echo latch. At wc-14 time in 1414-1 and 2 
operation and at wc-2 time of the next write clock 
cycle in 1414-7 operation, the status of the no echo 
latch is examined. If the echo pulse from the tape unit 
has not reset the no echo latch, the no echo error and 
error latches are set. The echo pulse should reset the 
no echo latch before the write clock advances to wc-14 
(1414-1 and 2) or to wc-2 of the next write clock 
cycle (1414-7). When the last character of the record 
is written in 1414-7 operation, the "wdd-6o" pulse sam- 
ples the status of the no echo latch. 



Write Compare 

The character in read register A is compared to the, 
character in read register B in the read check of a 
tape write operation. Because the high-clip output of 
the final amplifiers set read register A and the low-clip 
output of the final amplifiers set read register B, the 
same character might not be stored in both registers. 
If the data in both read registers do not represent the 
same character and the Stop On Error ce switch is off, 



the compare check and error latches are set at rc-io 
time. If the Stop On Error ce switch is on and an 
error is detected, the compare check and error latches 
are set at rc-6 time. 



Write Delay Noise 

In a 729 tape write operation, gates for the final am- 
plifiers are conditioned during the write delay. How- 
ever, no pulse should appear at the output of the final 
amplifiers before the write delay is terminated. Write 
delay noise circuits detect high-clip output pulses 
from the final amplifiers during the write delay. The 
on output of the write delay latch combines with any 
high-clip pulse from the final amplifiers to set the 
write delay noise and error latches. For example, if 
the erase head on the tape unit has not destroyed a 
previously written, record on tape, the 729 tape unit 
transfers data pulses to the tape synchronizer during 
the write delay. The write delay noise and error 
latches are set when such a condition occurs. 

Because final amplifiers are not gated until the end 
of the write delay in 7330 tape write operations, the 
write delay noise circuits are ineffective in 7330 tape 
write operations. 



Skew Error 

Skew error circuits detect excessive speed variations 
in tape movement between the write and read heads 
on the tape unit. Should the tape driving mechanism 
skip or bind during a tape write operation, tape speed 
momentarily decreases. Because character spacing is a 
function of tape speed and writing frequency, varia- 
tions in tape speed cause irregular character spacing. 
When tape speed decreases, less tape passes the write 
head, but the writing frequency is unchanged. There- 
fore, characters on tape are written closer together. 
When tape moves at normal speed again, intervals be- 
tween the closely spaced characters are shorter than 
the time that the tape synchronizer requires. 

In the read check of a tape write operation, the 
skew gate latch is set and reset during each read clock 
cycle. The skew error and error latches turn on when 
the on output of the skew gate latch and's with any 
high-clip bit from the final amplifiers after the allotted 
time for the character to arrive has elapsed. 

Figure 22 illustrates the manner in which a skew 
error occurs and is detected. Graph A shows a typical 
tape envelope ( ignoring starting time ) . Tape speed is 
constant to T5. Tape speed decreases after T5 and is 
normal after T9. 

Graph B shows tape speed. Before T5 and after T9, 
the distance that tape travels is directly proportional 
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to time. Characters written at timed internals are 
shown on the graph. Character spacing is shown at the 
right of the graph. 

Chart C shows the action of the skew circuits when 
characters are read during the read check of a tape 
write operation. Only characters 4, 5, and 6 are repre- 
sented. The first bit from the final amplifiers starts the 



read clock. Four clock steps are allotted for all bits of 
the characters to be read. Characters 5 and 6 are 
spaced closer than normal. Character 6 is read while 
the skew gate latch is set, causing the skew error and 
error latches to turn on. 

Close character spacing is called "bit packing" or 
"character packing". 
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Tape Synchronizer Operations 



Write 

In a tape write operation, the system processes desig- 
nated core storage characters (one at a time) through 
the tape synchronizer to the selected tape unit. The 
tape unit: 

1. Records each character on magnetic tape. 

2. Reads a character previously written on tape and 
transfers the character to the tape synchronizer to be 
checked. 

The processing unit (1410/7010) or the data chan- 
nel (7040/7044) transfers characters to the read-write 
register in the tape synchronizer. The tape synchro- 
nizer checks each character for a parity error and 
transmits the character to the tape unit to be recorded 
on magnetic tape. Because the tape synchronizer has 
the capacity to store only one character at a time, 
character transfers are controlled by the write clock 
in the tape synchronizer. During each write clock 
cycle, the tape synchronizer processes one character 
from the data channel (7040/7044) or processing unit 
(1410/7010) to the selected tape unit. The write clock 
cycles repetitively from the beginning of the write op- 
eration until the last character is transferred to the 
tape unit. 

The write head on the tape unit writes characters 
received from the tape synchronizer on magnetic tape. 
As tape moves from the write head and passes the 
read head, characters are read and transferred to the 
tape synchronizer to be checked. The read clock in 
the tape synchronizer controls all tape synchronizer 
checking circuits. During each read clock cycle, the 
tape synchronizer checks one character written on 
tape earlier in the write operation. Each character 
from the tape unit starts the read clock; the clock 
completes one cycle and stops. The tape write oper- 
ation is not complete until the last character in the 
tape record is checked. Figures 23, 24, 25, 26, and 27 
show detailed tape synchronizer actions when execut- 
ing the tape write operation. 

Preliminary Conditions 

In 1410 operation, execution of the m/l (%Un) (b)w 
instruction causes the processing unit to condition the 
write call line to the tape synchronizer. Execution of 
the m/l (%Un)(B)w instruction causes the processing 
unit in the 7010 System to condition "write call" to the 
tape synchronizer if the first character to be trans- 



ferred from core storage is not a group mark word 
mark. In 7040/7044 operation, execution of the write 
select instruction causes the data channel to send the 
write call signal to the tape synchronizer. In all cases, 
"write call" initiates tape synchronizer actions in the 
write operation by setting latches (tape in process, 
write, and write delay) and by turning on all lrcr 
triggers. 

When the tape in process latch is set, the 1410 or 
7010 channel controlling the tape write operation can- 
not be used for any other i-o operation. 

The write latch: 

1. Conditions the tape busy line. When "tape busy" 
is active, the tape synchronizer cannot be designated 
to execute another tape operation. The data channel 
controlling the 7040/7044 tape write operation cannot 
communicate with other i-o devices until the complete 
record has been written and checked and "tape busy" 
drops. 

2. Sets the tape unit to write status. The tape unit 
sends the "select, ready, and write" line to the tape 
synchronizer when the tape unit is in write status. If, 
however, the selected tape unit is in file protect status, 
the write latch output is blocked; write status is not 
set, and the write operation is not completed. 

The write delay latch: 

1. Conditions the write delay noise circuits. In 729 
tape write operations, the tape synchronizer conditions 
the final amplifiers to process data at wd-32 time dur- 
ing the write delay. However, the tape unit should not 
transfer the first character in the tape record to the 
tape synchronizer before the write delay is terminated. 
Any high-clip output from the final amplifiers during 
the write delay sets the write delay noise and error 
latches. Because final amplifiers are not gated until the 
end of the write delay in 7330 tape write operations, 
write delay noise circuits are ineffective when a 7330 
tape unit writes a record. 

2. Sets the go latch. The output of the go latch 
causes the selected tape unit to move tape forward. 

3. Conditions the delay counter for millisecond op- 
eration. The delay counter steps in the millisecond 
mode at a rate determined by the tape unit perform- 
ing the write operation. Delay counter outputs com- 
bine with the output of the write delay latch, produc- 
ing write delay (wd) timings. The write delay (wp) 
timings identify this period of the operation (the in- 
terval allowed for tape to reach proper operating 



Tape Synchronizer Operations 51 



speed before writing begins) and establish times at 
which write delay actions occur. 

When the delay counter advances to 28, the "wd-28" 
pulse tests the states of the lrcr triggers. If all lrcr 
triggers are on ( "write call" set the lrcr triggers ) , the 
gate-on-final amplifiers latch is set, conditioning the 
gate for the first stage of the final amplifiers. Data are 
not processed through the final amplifiers, however, 
until the first and last stages are gated. Gating the 
final amplifiers by stages eliminates the possibility of 
noise transfer to the read registers in the read check 
of the write operation. If the gate-on-final amplifiers 
latch is set when the delay counter advances to 30, in- 
dicating that lrcr circuits are functioning properly, 
the wd-30 pulse resets the lrcr triggers and all error 
latches in the tape synchronizer. 

If a 729 tape unit is selected to write the record : 
and tape on the selected tape unit is not at load 

point, the read condition latch is set when the delay 

counter advances to 32. 
and tape on the selected tape unit is at load point, 

the read condition latch is set when the delay coun- 
ter advances to 96. 
When the read condition latch is set, the gate for the 
last stage of the final amplifiers is conditioned, allow- 
ing the tape synchronizer to check each character 
written on tape. 

If tape is at load point when the tape unit is se- 
lected, the load point latch is set, causing the wd-320 
pulse (729) or the wd-1088 pulse (7330) to turn on 
the write condition latch. If tape is not at load point, 
the write condition latch is set when the delay counter 
advances to 50 (729) or to 72 (7330). Because tape 
is not positioned at the identical spot with respect to 
the write head after each load rewind operation, the 
longer delay when tape is at load point causes the tape 
unit to erase a section of tape (approximately 3/i 
inches) before writing the first record. This ensures 
that all previously recorded data on tape are destroyed 
before the new record begins. 

Between the times that the go latch starts tape 
movement and the write condition latch permits writ- 
ing to begin, tape reaches proper operating speed. 

The write condition latch: 

1. Sets the write trigger release latch, allowing write 
triggers in the selected tape unit to turn on and off 
as required to record characters on tape. When the 
write trigger release latch is reset (after the last nor- 
mal character in the record is processed), write trig- 
gers write the check character at the end of the tape 
record. 

2. Sets the read condition latch when a 7330 tape 
unit performs the write operation. When the read con- 
dition latch is set, the gate for the last stage of the 



final amplifiers is conditioned, allowing the tape syn- 
chronizer to check each character written on tape. 

3. Starts the write clock. The write clock establishes 
timings that control data flow through the tape syn- 
chronizer to the tape unit. When the write condition 
latch is set, the write clock cycles continuously. 

Data Transfers 

The read-write register is reset at write clock-1 (wc-i) 
time. The write delay latch and the delay counter are 
reset at write clock-1 (wc-i) time in 1414-1 and 2 
operation or at write clock-2 (wc-2) time in 1414-7 
operation. 

At wc-2 time, input data lines to the tape synchro- 
nizer from the processing unit (1410/7010) or data 
channel (7040/7044) are sampled. Active data lines 
set corresponding read-write register data latches. The 
read-write register conditions output data lines to the 
tape unit. 

The tape synchronizer conditions "tape write strobe" 
to the processing unit (1410/7010) or data channel 
(7040/7044) at wc-4 time, indicating that the tape 
synchronizer has received a character from the sys- 
tem; the character is in the read-write register and has 
not been processed at this time, however. The system 
can now transmit the next character to the tape syn- 
chronizer, but the tape synchronizer will not accept 
the character until wc-2 time of the next write clock 
cycle. 

In 1414-1 and 2 operation, the wc-4 pulse sets the 
no echo latch. In 1414-7 operation, the wc-6 pulse sets 
the no echo latch. 

From wc-4 to wc-8 time, the tape synchronizer con- 
ditions the write pulse line to the selected 7330 tape 
unit. The trailing edge of "write pulse" (at wc-9 time) 
causes the 7330 tape unit to write the character desig- 
nated on the read-write register output lines. 

At wc-9 time ( 1414-1 and 2) or wc-8 time ( 1414-7) : 

1. The tape synchronizer transmits "write pulse" to 
the selected 729 tape unit. The leading edge of "write 
pulse" causes the 729 to write the character desig- 
nated on the output lines from the read-write register. 

2. The tape synchronizer checks the character in 
the read-write register for a vertical redundancy error. 
The status of the odd redundancy latch determines 
whether a character is checked for odd or even re- 
dundancy. The "odd redundancy call" from the system 
sets the odd redundancy latch, specifying that all char- 
acters in the record should be checked for odd parity. 
If the system has not conditioned "odd redundancy 
call," the tape synchronizer checks characters for even 
parity (even number of bits in the character). 

When all other characters, except the check char- 
acter, are written on tape, the tape unit develops an 
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echo pulse; the tape unit transmits the echo pulse to 
the tape synchronizer to reset the no echo latch '( set 
at wc-4 or wc-6 time). In 1414-1 and 2 operation, the 
echo pulse must reset the no echo latch before the 
write clock advances to 14. In 1414-7 operation, the 
echo pulse must reset the latch before wc-2 time of 
the next write clock cycle or before write disconnect 
delay-60 (wdd-6o) time of the disconnect operation. If 
the no echo latch is not reset in the required time, the 
no echo error latch and the error latch are set. 

"Disconnect call" from the system turns on the dis- 
connect latch in the tape synchronizer. The tape syn- 
chronizer tests the state of the disconnect latch at 
wc-14 time of each write clock cycle. If the latch is 
off, the write clock advances to 15 to complete the 
cycle and begins another clock cycle to transfer the 
next character in the tape record to the tape unit. If 
the disconnect latch is set at wc-14 time, the tape syn- 
chronizer initiates the write circuits disconnect oper- 
ation. 



Write Circuits Disconnect 

The on output of the disconnect latch combines with 
the wc-14 pulse to reset the write condition latch and 
set the write disconnect delay latch. When the write 
condition latch resets, the write clock-8 trigger con- 
ditions the write clock oscillator drive pulses to com- 
plete the clock cycle and stop with all clock triggers 
off. 

Outputs of the write trigger release and write dis- 
connect delay latches condition the delay counter for 
microsecond operation. The selected tape unit and the 
density at which the tape unit is writing select oscil- 
lator drive pulses. Delay counter outputs combine 
with the output of the write disconnect delay latch to 
provide write disconnect delay (wdd) timings. 

When the delay counter advances to 60, the wdd-60 
pulse: 

1. Resets the write trigger release latch. The level 
shift at the output of the latch resets the write triggers 
in the tape unit, causing the tape unit to write the 
check character. If all write triggers in the tape unit 
are off when the write trigger release latch is reset, 
the tape unit does not write a check character. (Theo- 
retically, the check character has no bits. ) Because of 
the extended delay before the tape unit writes the 
check character (wdd-60 time), the check character 
is spaced further from the last normal character in 
the record than normal character spacing. 

2. Resets the delay counter. 

The off output of the write trigger release latch 
and the on output of the write disconnect delay latch 
combine to condition the delay counter for millisecond 



operation. When the delay counter advances to 20, the 
"wdd-2o" pulse resets the write disconnect delay latch, 
the delay counter, and, if a 729 tape unit is perform- 
ing the tape write operation, the go latch. Because 
the read check of the write operation is not complete 
when the tape unit writes the check character, the 
wdd-20 delay allows tape movement on a 729 unit to 
proceed at. full speed until the check character passes 
the read head. 



Read Check of Write Operation 

As the tape moves from the write head to the read 
head on the tape unit, each character written in the 
write operation is read and transferred to the tape 
synchronizer to be checked. Read check circuits in the 
tape synchronizer can process a character from the 
tape unit after the read condition latch is set, but the 
read check operation cannot begin until the first char- 
acter in the record moves to the read head on the tape 
unit. 

FIRST BIT 

Because tape units move tape at different speeds and 
can operate at more than one density, no predeter- 
mined time is set for each character to be read. The 
tape unit transmits characters to the final amplifiers in 
the tape synchronizer. Final amplifiers have high-clip 
and low-clip outputs. The tape synchronizer initiates 
check operations on the character when the character's 
first high- or low-clip bit is detected at the output of 
the final amplifiers. The first bit (high- or low-clip) 
from the final amplifiers sets the first bit latch. The 
first bit latch unclamps read clock oscillators and al- 
lows the read clock to run for one clock cycle. Check 
operations on the character must end and the read 
clock must be reset before the first bit of the next 
character from the tape is detected at the output of 
the final amplifiers. 

DATA FLOW AND ERROR CHECKS 

High-clip outputs from final amplifiers set read regis- 
ter A; low-clip outputs from final amplifiers set read 
register B. The skew gate latch is set: 

at rc-4 time if the tape unit writing the record is re- 
cording at any other density except 800 cpi. 
at rc-5 time if a 729 v tape unit is performing the 
write operation in the 800 cpi density mode, 
at rc-6 time if a 729 vi tape unit is performing the 
write operation in the 800 cpi density mode. 
The complete character should be stored in the read 
registers when the read clock sets the skew gate latch. 
While the skew gate latch is set, any high-clip pulse 
from the final amplifiers turns on the skew error and 
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error latches. The skew check detects characters 
spaced too closely on tape. 

The tape synchronizer checks the character stored 
in read register A for a vertical redundancy error. If 
no error is detected, the rc-5 pulse (1414-1 and 2) or 
rc-7 pulse (1414-7) loads the lrcr with the character 
in read register A. If a vertical redundancy error is de- 
tected in the character in read register A: 

1. The rc-5 pulse (1414-1 and 2) or rc-6 pulse 
(1414-7) sets the A register vrc latch. The A register 
vrc latch sets the error latch. 

2. The rc-5 pulse (1414-1 and 2) or rc-7 pulse 
(1414-7) loads the lrcr with the character in read 
register B. 

Although the lrcr is loaded with the character in 
read register A or read register B at rc-5 or rc-7 time, 
the character remains in both read registers. The char- 
acter in read register A is compared to the character 
in read register B. If both registers do not contain the 
same character, the compare check and error latches 
are set at rc-io time. 

The read clock generates a reset pulse at the end of 
rc-io time. The rc-io reset pulse resets the skew gate 
latch, read register A, read register B, the first bit 
latch, and the read clock. When the first bit latch is 
reset, read clock oscillators are clamped preventing 
the read clock from taking another cycle until the next 
character is received from the tape unit. 

Timings in the write and read check circuits are set 
so that the write condition and write disconnect delay 
latches are reset when the last normal character in the 
record is checked; this allows the output from the read 
clock at rc-5 time (1414-1 and 2) or rc-7 time (1414-7) 
to set the read disconnect delay latch. The read dis- 
connect delay latch conditions the delay counter for 
microsecond operation. Outputs of the delay counter 
combine with the output of the read disconnect delay 
latch, providing read disconnect delay (rdd) timings 
after the last normal character in the record is 
checked. 

CHECK CHARACTER 

The check character is the last character of the record 
and is spaced further from the preceding character 
than normal character spacing. Because of the ex- 
tended delay before the check character is read, the 
delay counter advances to 36 and turns on the check 
character latch before check character bits can be sent 
to the tape synchronizer. The delay counter runs 
throughout the check character cycle. 

The check character may or may not have bits de- 
pending on the status of the write triggers in the tape 
unit when the write trigger release latch was reset. If 
the check character does not have bits, the read clock 



does not run during the check character cycle; delay 
counter outputs complete the read check of the record, 
reset all tape synchronizer circuits, and terminate the 
tape write operation. 

Check character bits are processed through the final 
amplifiers and the read register as normal character 
bits. The skew gate and read register A vertical redun- 
dancy check circuits function as in normal character 
operation. If a vertical redundancy error is detected 
in the check character in read register A, the lrcr is 
loaded with the check character in read register B, 
but the A register vrc and error latches are not set. 
The check character in read register A is compared to 
the check character in read register B. If both regis- 
ters do not contain the same character, the compare 
check and error latches are set at rc-io time. The reset 
pulse at the end of rc-io time resets the skew gate 
latch, read register A, read register B, the first bit 
latch, and the read clock. 

Tape Write Operation Disconnect 

The tape write operation can be terminated when the 
read check circuits process the check character. Read 
disconnect delay pulses provide timings to check the 
lrcr and reset all circuits in the tape synchronizer. 
Because 729 and 7330 tape units have different char- 
acteristics, disconnect procedures for the two types of 
tape units differ; however, both procedures accom- 
plish the same result. 

729 DISCONNECT 

The rdd-128 pulse resets the read condition latch, caus- 
ing the gate for the last stage of the final amplifiers to 
become inactive. At rdd-136 time, the lrcr is sampled 
for errors. All lrcr triggers should be off; if one or 
more lrcr triggers are on, indicating that bits have 
been picked up or dropped, the error latch is set. 

The rdd-144 pulse resets the tape in process latch 
and conditions the rdd-144 reset line. 

The 1410 or 7010 channel committed to the write 
operation is disconnected when the tape in process 
latch is reset. 

The rdd-144 reset line turns off: 

1. The load point latch. 

2. The check character latch. 

3. The disconnect latch. 

4. The delay counter. 

5. The gate-on-final amplifiers latch. 

6. The odd redundancy latch. 

7. The write latch. 

8. The erase latch. 

9. The write tape mark latch. 

10. The read disconnect delay latch. 

When the write latch is reset, "tape busy" drops free- 
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ing the tape synchronizer to control another tape op- 
eration. In 7040/7044 operation, the data channel that 
initiated the tape write operation is disconnected 
when "tape busy" drops. 



7330 DISCONNECT 

At rdd-110 time: 

1. The read condition latch is reset. 

2. The read disconnect delay latch is reset. 

3. The delay counter is reset. 

4. The lrcr is sampled for errors. All lrcr triggers 
should be off; if one or more lrcr triggers are on, in- 
dicating that bits have been picked up or drppped, the 
error latch is set. 

5. The forward-stop delay latch is set. 

The forward-stop delay latch conditions the delay 
counter for millisecond operation. Delay counter out- 
puts combine with the output of the forward-stop de- 
lay latch, providing forward-stop delay (fsd) timings. 

The fsd-1 pulse (1414-1 and 2) or fsd-2 pulse 
(1414-7) conditions the compute line. Compute re- 
sets the tape in process latch, allowing the 1410 or 



7010 channel to disconnect from the tape write oper- 
ation. No other tape operation requiring use of the 
tape synchronizer can be initiated, however, until 
"tape busy" drops. 

The fsd-44 pulse conditions the rdd-144 reset line al- 
though the delay counter has only advanced to 44. 
"rdd-144 reset" turns off: 

1. The load-point latch. 

2. The check character latch. 

3. The disconnect latch. 

4. The delay counter. 

5. The gate-on-final amplifiers latch. 

6. The odd redundancy latch. 

7. The write latch. 

8. The erase latch. 

9. The write tape mark latch. 

10. The forward-stop delay latch. 

11. The go latch. 

When the write latch is reset, the tape busy line drops 
freeing the tape synchronizer to control another tape 
operation. In 7040/7044 operation, the data channel 
that initiated the tape write operation is disconnected 
when "tape busy" drops. 
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Figure 23. Tape Write Operation (Sheet 2 of 4) 
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Figure 23. Tape Write Operation (Sheet 3 of 4) 
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Figure 23. Tape Write Operation ( Sheet 4 of 4 ) 
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1414-7 operation 

If load point latch is off, the WD-32 pulse sets the read condition latch in 729 operation; 

if load point latch is set, the WD-96 pulse sets the read condition latch in 729 operation. 

If load point latch is off, the WD-72 pulse sets the write condition latch in 7330 operation; the D-50 pulse sets the write condition latch in 729 operation. 

If load point latch is set, the WD-1088 pulse sets the write condition latch in 7330 operation; the WD-320 pulse sets the write condition latch in 729 operatic 

Write clock triggers reset (WC-0) before next WC-1 pulse is active; this is not shown. 



Figure 24. Tape Write Timings 
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Read 

In a tape read operation, the selected tape unit reads 
characters from tape and transfers the data (one char- 
acter at a time) to the tape synchronizer. The tape 
synchronizer checks each character and processes the 
data to the processing unit (1410/7010) or data chan- 
nel (7040/7044). The tape read operation is quite 
similar to the read check action in a tape write oper- 
ation; in a tape read operation, however, characters 
are transferred to the system. 

The read clock controls all checking circuits in the 
tape synchronizer. During all other read clock cycles 
except the cycle on which the check character is pro- 
cessed, the tape synchronizer processes one character 
to the system. Each character from tape starts the read 
clock; the clock runs for one clock cycle. The delay 
counter is conditioned at the end of the read clock 
cycle. If the tape unit transfers the next character to 
the tape synchronizer soon enough a read clock out- 
put in the subsequent read clock cycle resets the de- 
lay counter. The check character is spaced further 
from the preceding character in the record than nor- 
mal character spacing. When the tape unit reads the 
last character in the record, the delay counter ad- 
vances far enough to initiate the tape read disconnect 
operation before the check character arrives at the 
tape synchronizer. The tape synchronizer does not 
transfer characters to the system after the disconnect 
operation begins. Figures 28, 29, 30, and 31 show de- 
tailed tape synchronizer actions when executing the 
tape read operation. 



Preliminary Conditions 

The read select instruction to the 7049/7044 systems 
or the m/l JJXUii)(b)r instruction to the 1410/7010 
system causes the designated channel to condition 
"read call" to the tape synchronizer to begin a tape 
read operation. "Read call" turns on the tape in pro- 
cess, read only, and read delay latches and sets all 
lrcr triggers. 

When the tape in process latch is set, the 1410/7010 
channel controlling the tape read operation cannot be 
used in any other i-o operation. 

The read only latch: 

1. Conditions the tape busy line. When "tape busy" 
is active, the tape synchronizer cannot be designated 
to execute another tape operation. The data channel 
controlling the 7040/7044 tape read operation cannot 
communicate with other i-o devices until "tape busy" 
drops at the end of the read operation. 

2. Sets the tape unit to read status. The tape unit 



sends the select, ready, and read line to the tape syn- 
chronizer when the tape unit is in read status. 
The read delay latch: 

1. Sets the go latch. The output of the go latch 
causes the selected tape unit to move tape forward. 

2. Conditions the delay counter for millisecond op- 
eration. The delay counter steps in the millisecond 
mode at a rate determined by the tape unit perform- 
ing the read operation. Delay counter outputs com- 
bine with the output of the read delay latch producing 
read delay (rd) timings. The rd timings identify this 
period of the read operation (the interval allowed for 
tape to reach proper operating speed) and establish 
times at which read delay actions occur. 

When the delay counter advances to 28, the rd-28 
pulse tests the states of the lrcr triggers. If all lrcr 
triggers are on ("read call" set the lrcr triggers), the 
gate-on-final amplifiers latch is set, conditioning the 
gate for the first stage of the final amplifiers. Data are 
not processed through the final amplifiers, however, 
until the first and last stages are gated. Gating the 
final amplifiers by stages eliminates the possibility of 
noise transfer to the read registers. If the gate-on-final 
amplifiers latch is set when the delay counter advances 
to 30, indicating that lrcr circuits are functioning 
properly, the wd-30 pulse resets the lrcr triggers and 
all error latches in the tape synchronizer. 

If tape is at load point when the tape unit is se- 
lected, the load point latch is set, causing the rd-160 
pulse (729) or the rd-768 pulse (7330) to turn on the 
read condition and first character latches. If tape is 
not at load point, the rd-44 pulse (729) or rd-36 pulse 
(7330) sets the read condition and first character 
latches. Regardless of the position of tape when the 
tape unit is selected, the delay in the read operation 
is shorter than the corresponding delay in the write 
operation to insure that read circuits are conditioned 
soon enough to read the first character of the record. 

The first character latch conditions the tape mark 
recognition circuits to examine the bit configuration of 
the first character of the record. When the n light is 
on, the tape unit returns the select and ti on line to 
the tape synchronizer to reset the turn on n latch. 

The read condition latch: 

1. Conditions the gates for the read-write register 
and the last stage of the final amplifiers. The tape syn- 
chronizer can then accept characters from the tape 
unit. 

2. Resets the read delay latch and the delay counter. 
Between the times that the go latch starts tape 

movement and the read condition latch conditions the 
tape synchronizer to accept characters from tape, tape 
reaches proper operating speed. 
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Data Flow and Error Checks 

Because tape units move tape at different speeds and 
can operate at more than one density, no predeter- 
mined time is set for the tape unit to read and trans- 
fer characters to the tape synchronizer. The selected 
tape unit transmits characters to the final amplifiers in 
the tape synchronizer. The final amplifiers have high- 
clip and low-clip outputs. The tape synchronizer initi- 
ates check operations on the character received from 
the tape unit when the character's first high-clip bit is 
detected at the output of the final amplifiers. The first 
high-clip bit from the final amplifiers sets the first bit 
latch. The first bit latch unclamps the read clock oscil- 
lators and allows the read clock to run for one clock 
cycle. The tape synchronizer sends the character to 
the system and resets the read clock before the first 
bit of the next character from tape is detected at the 
output of the final amplifiers. 

High-clip outputs from the final amplifiers set read 
register A; low-clip outputs from the final amplifiers 
set read register B. The tape synchronizer checks 
the character in read register A for a vertical redun- 
dancy error. If no error is detected, the rc-7 pulse 
loads the read-write register and the lrcr with the 
character in read register A. If a vertical redundancy 
error is found in the character in read register A, the 
rc-6 pulse (1414-7) or rc-7 pulse (1414-1 and 2) set 
the A register vrc latch, and the "rc-7" pulse uncon- 
ditionally loads the read-write register and the lrcr 
with the character in read register B. When the read- 
write register data latches are set, the tape synchro- 
nizer conditions corresponding data lines to the sys- 
tem. When the tape synchronizer is used with 7040/ 
7044 systems, the high and low clip outputs are com- 
pared. The presence of only a low clip pulse (indica- 
ting a weak bit) sets the first bit latch. This insures 
that a weak one-bit character will not be skipped 
over. 

At rc-7 time, the read disconnect delay latch is set, 

causing: 

1. The 1414-7 tape synchronizer to condition the 
tape read strobe line to the system. In 1414-1 and 2 
operation, the tape synchronizer does not condition 
"tape read strobe" until rc-3 time of the following read 
clock cycle. "Tape read strobe" is not active on the 
first read clock cycle of the tape read operation be- 
cause the read disconnect delay latch is not set at the 
first rc-3 time. "Tape read strobe" signals the system 
that the tape synchronizer has processed a character 
and conditioned output data lines to the system. If the 
system does not accept the character before rc-6 time 
(the time at which the read-write register is reset), 
the character is lost. 

2. The delay counter to advance in the microsecond 
mode. 



Outputs of the delay counter combine with the out- 
put of the read disconnect delay latch, providing read 
disconnect delay (rdd) timings. The rc-4 pulse of the 
subsequent read clock cycle resets the read disconnect 
delay latch and the delay counter if the delay counter 
has not advanced to 36. If, however, the delay counter 
advances to 36 before the rc-4 pulse resets the read 
disconnect delay latch, the disconnect operation be- 
gins. The first bit of the following tape character 
should arrive at the tape synchronizer soon enough to 
advance the read clock to rc-4 before the delay coun- 
ter steps to 36. The delay counter should advance to 
36 only during the delay that the tape unit requires 
to read and transmit the check character to the tape 
synchronizer. When this delay occurs, the rdd-36 pulse 
conditions "tape read strobe" to the system in 1414-1 
and 2 operation, allowing the last normal character in 
the record to be transferred from the tape synchro- 
nizer to the system. 

The read clock generates a reset signal at the end 
of rc-7 time. The rc-7 reset pulse resets the first bit 
latch, read register A, and read register B. The off 
output of the first bit latch clamps the read clock oscil- 
lators, preventing the read clock from taking another 
cycle until the next character from the tape unit is re- 
ceived in the final amplifiers. During read clock reset 
time, when the 7040/7044 system is used, a read skew 
check is made. If a high clip pulse is detected during 
the read clock reset, the master error latch is set. Thus 
because of the more stringent requirements of the 
7040/44 during a tape read operation, any excessive 
deviation of recorded bits is detected. 

At rc-3 time (1414-1 and 2) or rc-2 time (1414-7) of 
the following read clock cycle, the tape synchronizer 
checks the character set in the read-write register dur- 
ing the previous read clock cycle for a vertical redun- 
dancy error. If an error is detected, the read-write 
register vrc and error latches are set. Because the first 
character of the record is not in the read-write register 
at rc-2 or rc-3 time of the first clock cycle, no read- 
write register vertical redundancy check is made at 
that time. The first character is checked for a read- 
write register vertical redundancy error during the 
second clock cycle; the second character is checked 
during the third clock cycle; the last normal character 
of the record is checked during the check character 
cycle. The read-write register is reset at rc-6 time, de- 
stroying the character stored in the register during the 
previous clock cycle. 

Check Character 

The check character is the last character of the record 
and is spaced further from the preceding character 
than normal character spacing. Because of the ex- 
tended delay before the tape unit reads the check 
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character, the delay counter advances to 36 before the 
tape unit transfers the check character to the tape 
synchronizer. The rdd-36 pulse sets the check char- 
acter latch, blocking the normal reset path to the read 
disconnect delay latch at rc-4 time. 

Check character bits are processed through the final 
amplifiers and the read registers as normal character 
bits, but the check character is not loaded in the read- 
write register. Read register A is checked for a vertical 
redundancy error. If no error is detected, the check 
character in read register A is loaded in the lrcr. If 
an error is detected, the lrcr is loaded with the check 
character in read register B, but the A register vrc 
latch is not set. Because the check character is not 
transmitted to the system, the output of the check 
character latch blocks the input to the read-write 
register. 

The read clock does not run during the check char- 
acter cycle if the check character does not have bits. 
The last normal character of the record (set in the 
read-write register during the previous clock cycle) is 
checked for a read-write register vertical redundancy 
error when the delay counter advances to 36. Even if 
the check character has bits, the rdd-36 pulse initiates 
the vertical redundancy check on the character in the 
read-write register. 



Tape Read Operation Disconnect 

The tape read operation can be terminated when the 
tape synchronizer processes the check character. Read 
disconnect delay pulses provide timings to check the 
lrcr and reset all circuits in the tape synchronizer. Be- 
cause 729 and 7330 tape units have different char- 
acteristics, disconnect procedures for the two types of 
tape units differ; however, both procedures accom- 
plish the same result. 



729 DISCONNECT 

At rdd-36 time, the go latch is reset to stop tape move- 
ment. The mechanical delay in stopping, however, al- 
lows sufficient time for the read operation to be com- 
pleted. 

The read disconnect delay counter runs throughout 
the check character cycle. The "rdd-128" pulse resets 
the read condition latch, causing the gate for the last 
stage of the final amplifiers to become inactive. At 
rdd-136 time, the lrcr is sampled for errors. All lrcr 
triggers should be off; if one or more lrcr triggers are 
on, indicating that bits have been picked up or 
dropped, the error latch is set. 

The "rdd-144" pulse resets the tape in process latch 
and conditions "rdd-144 reset". 



The off state of the tape in process latch allows the 
1410 or 7010 channel committed to the tape read oper- 
ation to disconnect. 

The rdd-144 reset pulse turns off : 

1. The load point latch. 

2. The gate-on-final amplifiers latch. 

3. The delay counter. 

4. The check character latch. 

5. The odd redundancy latch. 

6. The read only latch. 

7. The read disconnect delay latch. 

When the read only latch is reset, "tape busy" drops 
freeing the tape synchronizer to control another tape 
operation. In 7040/7044 operation, the data channel 
that initiated the tape read operation is disconnected 
when "tape busy" drops. 

7330 DISCONNECT 

At RDD-no time: 

1. The read condition latch is reset. 

2. The read disconnect delay latch is reset. 

3. The delay counter is reset. 

4. The lrcr is sampled for errors. All lrcr triggers 
should be off; if one or more lrcr triggers are on, in- 
dicating that bits have been picked up or dropped, 
the error latch is set. 

5. The forward-stop delay latch is set. 

The forward-stop delay latch conditions the delay 
counter for millisecond operation. Delay counter out- 
puts combine with the output of the forward-stop de- 
lay latch providing forward-stop delay (fsd) timings. 

The fsd-1 pulse (1414-1 and 2) or (fsd-2 pulse 
(1414-7) conditions "compute". "Compute" resets the 
tape in process latch allowing the 1410 or 7010 chan- 
nel committed to the tape read operation to discon- 
nect. No other tape operation requiring use of the tape 
synchronizer can be initiated, however, until "tape 
busy" drops. 

At fsd-98 time, the rdd 144 reset line is forced up al- 
though the delay counter has only advanced to 98. The 
rdd-144 reset line turns off: 

1. The gate-on-final amplifiers latch. 

2. The forward-stop delay latch. 

3. The check character latch. 

4. The read only latch. 

5. The odd redundancy latch. 

6. The load point latch. 

7. The delay counter. 

8. The go latch. 

When the read only latch is reset, "tape busy" drops, 
freeing the tape synchronizer to control another tape 
operation. In 7040/7044 operation, the data channel 
that initiated the tape read operation is disconnected 
when "tape busy" drops. 
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Figure 28. Tape Read Operation (Sheet 1 of 3) 
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Figure 28. Tape Read Operation (Sheet 2 of 3) 
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Figure 28. Tape Read Operation (Sheet 3 of 3) 
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Tope Unit Control 

In 1410/7010 operation, a tape unit control instruc- 
tion, U (%Un) d, to the processing unit specifies one 
of five tape operations: erase, rewind, rewind unload, 
backspace, or write tape mark. The d-character in the 
instruction designates the specific operation to be per- 
formed. In 7040/7044 operation, a tape unit control in- 
struction designates one or two of the five tape unit 
control operations. For example, the write end of file 
instruction causes the tape unit to erase a section of 
tape before writing the end of file (tape mark) char- 
acter. This requires the tape synchronizer to execute 
two unit control operations. In all cases, however, 
execution of a tape unit control instruction requires 
no character transfers between the processing unit 
(1410/7010) or the data channel (7040/7044) and the 
selected tape unit. 

Erase 

In the erase operation, the tape unit that the erase in- 
struction designates skips about 3% inches of tape be- 
fore writing the next record. 

7040/7044 OPERATION 

Execution of the write blank tape instruction causes 
the data channel to send the erase call and write call 
signals to the tape synchronizer. 
The erase call line: 

1. Conditions "error reset," causing all error circuits 
in the tape synchronizer to turn off. 

2. Sets the erase latch to simulate load point con- 
dition. 

'Write calF conditions the tape synchronizer to per- 
form a normal tape write operation. (See Tape Syn- 
chronization operations.) Because the erase latch is 
set, simulating load point condition, the tape unit 
erases approximately 3% inches of tape before the 
"wd-32o" pulse (729) or "wd-ioss" pulse (7330) turns 
on the write condition latch. The tape synchronizer 
sends "write condition" to the data channel, causing 
the channel to condition the computer reset to tape 
line. "Computer reset to tape" brings up "tau reset" 
to reset all tape synchronizer circuits to their off 
states and disconnect the data channel from the write 
blank tape operation. 

1410/7010 OPERATION 

Execution of the U (%Un) E instruction causes the 
processing unit to send "erase call" to the tape syn- 
chronizer. 

The erase call line: 

1. Conditions "error reset," causing all error latches 
in the tape synchronizer to turn off. 



2. Sets the erase latch to simulate load point con- 
dition. 

Because the erase latch is set, the tape unit erases ap- 
proximately 3% inches of tape before the wd-320 pulse 
(729) or wd-1088 pulse (7330) turns on the write con- 
dition latch in the next tape write operation. The tape 
synchronizer does not begin the write operation, how- 
ever, until the processing unit decodes the m/l 
(8SUii)(b)w instruction and conditions "write call". 
The erase latch is reset, and the erase operation is not 
performed if the system initiates a read, rewind, re- 
wind unload, or backspace operation after the erase 
latch is set and before the write operation begins. 

Rewind 

Execution of the U (%Un) R (1410/7010) instruction 
or the rewind (7040/7044) instruction causes the sys- 
tem to send "rewind call" to the tape synchronizer. Be- 
cause tape should never move backward beyond load 
point, no actions occur if the load point latch is set 
when the tape synchronizer receives "rewind call." 

If tape on the selected tape unit is not at load point, 
"rewind call": 

1. Brings up "error reset," causing all error latches 
in the tape synchronizer to turn off. 

2. Sets the rewind latch. 

The output of the rewind latch: 

1. Conditions "tape busy." When "tape busy" is con- 
ditioned, the tape synchronizer cannot be designated 
to execute another tape operation, and the 7040/7044 
data channel that issued the "rewind call" cannot com- 
municate with any other i-o device. 

2. Initiates the rewind operation on the selected 
tape unit. 

The 7330 tape unit rewinds tape at low speed regard- 
less of the amount of tape on the machine reel. When 
the selected tape unit begins the rewind operation, it 
conditions "select and rewind" to the tape synchro- 
nizer to reset the rewind latch. Tape synchronizer 
functions end and "tape busy" drops when the rewind 
latch is reset. The selected tape unit rewinds tape to 
load point without further control from the tape syn- 
chronizer. 

Rewind Unload 

Execution of the U (JBUn) U (1410/7010) or the re- 
wind unload (7040/7044) instruction causes the sys- 
tem to condition "rewind unload call" to the tape syn- 
chronizer. If tape is at load point when the tape syn- 
chronizer receives "rewind unload call," 729 tape units 
perform the unload actions in the operation; 7330 tape 
units "hang up" the channel. In both cases, tape is not 
moved backward beyond load point. If tape on the se- 
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jected tape unit is not at load point, "rewind unload 
call": 

1. Brings up "error reset," causing all error latches 
in the tape synchronizer to turn off. 

2. Sets the rewind unload latch. 

The output of the rewind unload latch: 

1. Conditions "tape busy." When "tape busy" is ac- 
tive, the tape synchronizer cannot be designated to 
execute another tape operation, and the 7040/7044 
data channel that issued "rewind unload call" cannot 
communicate with any other i-o device. 

2. Initiates the rewind unload operation on the se- 
lected tape unit. 

The 7330 tape unit unloads and rewinds tape at 
high speed. When the selected tape unit begins the 
rewind unload operation, the select and rewind line is 
sent to the tape synchronizer to reset the rewind un- 
load latch. Tape synchronizer functions end and "tape 
busy" drops when the rewind latch is reset. The se- 
lected tape unit completes the operation without fur- 
ther control from the tape synchronizer. 

Write Tape Mark 

In 7040/7044 operation, execution of the write end of 
file instruction causes the designated data channel to 
condition "erase call," then "write tape mark call" to 
the tape synchronizer. The erase call line: 

1. Conditions "error reset," causing all error latches 
in the tape synchronizer to turn off. 

2. Sets the erase latch to simulate load point con- 
dition. 

In 1410/7010 operation, execution of the U (%Un)M 
instruction causes the processing unit to condition 
"write tape mark call" to the tape synchronizer; "erase 
call" is not issued. 

The write tape mark call line turns on the tape in 
process, write, write delay, and disconnect latches. The 
tape synchronizer is conditioned to perform a normal 
tape write operation; because the disconnect latch is 
set, the write operation is limited to one cycle, (See 
Tape Synchronizer Operations.) 

Regardless of the position of tape in 7040/7044 op- 
eration, the erase latch causes the tape unit to erase 
about 3% inches of tape before the wd-320 pulse (729) 
or wd-1088 pulse (7330) sets the write condition latch. 

In 1410/7010 operation, the write condition latch is 
set: 

1. When the delay counter advances to 50 (729) 
or to 72 (7330) if tape on the selected tape unit is not 
at load point when the write tape mark operation be- 
gins. 

2. When the delay counter advances to 320 (729) 
or 1088 (7330) if tape is at load point when the write 
tape mark operation begins. 



The wc-i pulse resets the read-write register. The 
output of the write tape mark latch blocks the input 
gate for the read-write register and automatically sets 
the read-write register 8-, 4-, 2-, and 1-bit data latches 
at wc-2 time. Read-write register data are not trans- 
ferred to the system in the write tape mark operation. 

All tape synchronizers condition the write pulse for 
7330 tape units from wc-4 to wc-8 time. The trailing 
edge of the write pulse causes the selected 7330 tape 
unit to write the tape mark. 

At wc-9 time ( 1414-1 and 2) or wc-12 time ( 1414-7), 
the tape synchronizer sends "write pulse" to the 729 
tape unit. The leading edge of "write pulse" causes 
the selected 729 to write the tape mark. 

The write disconnect delay latch is set at wc-14 time 
to begin the disconnect operation. Because only one 
character was written, the 8-, 4-, 2-, and 1-bit write 
triggers in the tape unit are on. When the write trig- 
gers reset, the tape unit writes an 8-, 4-, 2-, and 1-bit 
check character. 

The write tape mark operation ends in the same 
manner that a normal tape write operation terminates. 
(See Tape Synchronizer Operations.) 

Backspace 

In a backspace operation, the tape unit moves tape 
backward through one tape record to the first inter- 
record gap or to the gap between the load point re- 
flective spot and the first record. Although characters 
are read and transferred to the tape synchronizer as 
tape moves past the read head on the tape unit, the 
tape synchronizer does not check the data. No char- 
acters are transferred between the system and the tape 
synchronizer. Figures 32, 33, and 34 show detailed 
tape synchronizer actions in the execution of the back- 
space operation. 

PRELIMINARY CONDITIONS 

Execution of the U(%Un)B (1410) or the backspace 
record (7040/7044) instruction causes the system to 
condition "backspace call" to the tape synchronizer. 
Because tape should never move backward beyond 
load point, no actions occur if the load point latch is 
set when the tape synchronizer receives "backspace 
call." If tape on the selected tape unit is not at load 
point, "backspace call" sets the backspace latch. 
The output of the backspace latch: 

1. Brings up "error reset," causing all error latches 
in the tape synchronizer to turn off. 

2. Conditions "tape busy." When "tape busy" is con- 
ditioned, the tape synchronizer cannot be designated 
to execute another tape operation, and the 7040/7044 
data channel that issued "backspace call" cannot com- 
municate with any other i-o device. 
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3. Conditions the delay counter for operation in the 
millisecond mode. 

The tape unit must be in read status to move tape 
backward. If the tape unit is in write status, tape 
moves forward to insure that noise deposited on tape 
during the status change will be erased in a subse- 
quent write operation. If the tape unit is in read status 
when the system conditions "backspace call," the tape 
unit does not move tape forward. 

If the tape unit is in write status when the delay 
counter advances to 1 (1414-1 and 2) or 2 (1414-7), 
the go latch is set, causing the tape unit to move tape 
forward. When the delay counter advances to 50 (729) 
or 128 (7330), the go latch is reset; tape movement 
stops after normal mechanical delays. 

The backward latch turns on: 

1. When the delay counter steps to 96 if a 729 tape 
unit performs the backspace operation. 

2. When the delay counter steps to 128 if a 7330 
tape unit in write status is selected to perform the 
backspace operation. 

3. Immediately if a 7330 tape unit in read status 
performs the backspace operation. The output of the 
backward latch sets the selected tape unit to back- 
ward status and, if the tape unit is in write status, to 
read status. If a 7330 tape unit in write status is se- 
lected to perform the backspace operation, the delay 
counter is reset when the counter advances to 128, but 
because the backspace latch is set, the delay counter 
starts again. 

The tape unit conditions "select, ready, and read" 
to the tape synchronizer when the tape unit is in read 
status. The delay counter output "D-160" (729) or 
"D-2048" (7330): 

1. Sets the go latch, and because the tape unit is in 
backward status, tape moves backward. The delay be- 
tween the times that the backward and go latches are 
set allows the tape unit sufficient time to transfer to 
backward status. 

2. Sets the gate-on-final amplifiers latch to condition 
the gate for the first stage of the final amplifiers. 

The delay counter output "D-180" (729) or "D-64"* 
(7330) sets the read condition latch and resets the de- 
lay counter. The read condition latch gates the last 
stage of the final amplifiers and blocks the output of 
the backspace latch from starting the delay counter. 
Between the times that the go and read condition 
latches are set, tape reaches proper operating speed. 

CHARACTER CYCLES 

Each character from tape is set in the final amplifiers 
in the tape synchronizer. The first high-clip bit from 
the final amplifiers sets the first bit latch. The first bit 
latch unclamps read clock oscillators and allows the 



read clock to run for one cycle. The low-clip output 
of the final amplifiers sets read register B; the high- 
clip output sets read register A. The read registers and 
the first bit latch are reset at the end of the cycle. The 
next character from tape initiates the same operation. 
This action occurs until the beginning of the record 
is reached. 

The "rc-7" pulse sets the read disconnect delay 
latch, causing the delay counter to advance in the mil- 
lisecond mode. If the delay counter does not advance 
to 16 (729) or 78 (7330) before the read clock ad- 
vances to 4 in the subsequent read clock cycle, the 
read disconnect delay latch and the delay counter are 
reset. If, however, the delay counter advances to 16 
(729) or 78 (7330) before the read disconnect latch 
and the delay counter are reset, the disconnect oper- 
ation begins. However, the first bit of the following 
character from tape should arrive soon enough to ad- 
vance the read clock to 4 before the delay counter 
steps far enough to initiate the disconnect operation. 
The inter-record gap separates the first character of 
the record and the check character of the previous 
record. Therefore, when the beginning of the record is 
reached, the delay counter steps to 16 (729) or 78 
(7330) before the next character is read from tape. 

DISCONNECT 

In 7330 operation, the read condition, go, and back- 
ward latches are reset when the delay counter ad- 
vances to 78. In 729 operation, the read condition 
latch is reset when the delay counter advances to 16. 
The rdd-22 pulse (729 iv or vi ) or rdd-38 pulse (729 II 
or v) resets the go latch, and the rdd-64 pulse resets 
the backward latch. 

When the read condition latch is reset, the gate for 
the last stage of the final amplifiers drops. 

When the go latch turns off, normal mechanical de- 
lay insures that the tape unit will stop tape with the 
read-write head to the left of the record. The next 
read or write operation will not miss the first char- 
acter of the record. 

When the backward latch resets, the tape unit is 
automatically set to forward status. 

The rdd-152 pulse (729) or rdd-2106 pulse (7330): 

1. Resets the backspace latch, causing the tape busy 
line to the system to drop. 

2. Conditions rdd-144 reset." 

The rdd-144 reset line turns off the read disconnect de- 
lay latch, the gate-on-final amplifiers latch, and the 
delay counter. 

*The "D-64" output of the delay counter is active after the 
delay counter has advanced 64 counts beyond 2048. Theoreti- 
cally, this "D-64" output is the D-2112 output. 
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1. -Y Backspace Call 

.60.40.1 

2. +Y Backspace 

.60.40.1 

3. +Y Busy 

.60.02.1 

4. +Y DC Drive (1414-1 and 2) or 
+Y DC-1 Tgr Drive (1414-7) 

5. -Y DC Reset 

.30.31.1 

6. -YGo 

.60.11.1 
7; -Y DC-1 Tgr (1414-1 and 2) or 
-YDC-2 Tgr (1414-7) 

8. -YSel +Rdy + Write 

.60.10.1 

9. -Y Sel + Rdy + Read 

.60.10.1 

10. D-50 (729) .30.52.1 
0-128(7330) .30.53.1 

11. D-96(729) .30.53.1 
D-128 (7330) .30.53.1 



12. 


+Y Backward 
.60.40.1 


13. 
14. 


+P Set Read Status (729) 
-N Set Read Status (7330) 

.60.20.1 
D-160 (729) 
D-2048 (7330) 

.30.54.1 


15. D-180 (729) 
D-64(7330)* 
.30.54.1 
16. +Y Gate on Final Amps 
.30.52.1 


17. 


+Y Read Condition 
.60.20.1 


18. 


+YHi Channel 1 Bit** 
.40.60.1 


19. 


-Y First Bit 
.40.60.1 


20 


+Y Read Clock Drive 
.10.10.1 


21 


-YRDD 
.30.10.1 


22 


-Y RC-7 
.10.31.1 


23 


+Y RC-7 Reset 
.10.31.1 


24 


+Y RDD-16 (729) or 
RDD-78 (7330) 
.60.20.1 


25 


. RDD-22 (729 IV) 
RDD-38 (729 II and V) 
.30.51.1 


26 


. +Y RDD-64 (729) 
.30.52.1 


27 


. +Y RDD-152 (729) 
or RDD-2106 (7330) 
.30.53.1 
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Figure 33. Backspace Operation ( Sheet 1 of 2 ) 
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Figure 33. Backspace Operation ( Sheet 2 of 2 ) 
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Binary triggers can be connected in such a manner 
that their on and off states represent a numeric value. 
This type of configuration is called a binary counter. 
Each trigger in the arrangement represents a stage in 
the counter; therefore, a four-stage binary counter 
consists of four binary triggers tied in a counter con- 
figuration. 

The counter configuration can be constructed in sev- 
eral ways. In 14144, 2, and 7 operation, however, 
drive pulses from a selected oscillator and /or outputs 
from stages in the counter condition the ac gate, set, 
and reset pins on all triggers in the binary counter. 

To illustrate the general operation of a binary coun- 
ter, assume that four binary triggers, labeled 1, 2, 4, 
and 8, are connected in a counter configuration and 
that an oscillator drives the four-stage counter. The 
first oscillator pulse to the counter sets trigger 1; the 
counter indicates 1. The second oscillator pulse resets 
trigger 1 and sets trigger 2; the counter indicates 2. 
The third oscillator pulse sets trigger 1; the counter 
indicates 3 ( triggers 1 and 2 are on ) . The fourth oscil- 
lator pulse resets triggers 1 and 2 and sets trigger 4; 
the counter indicates 4. The sixteenth oscillator pulse 
resets triggers 1, 2, 4, and 8; the counter indicates 16 
or 0, and one counter cycle is complete. Each oscil- 
lator pulse advances the counter one step and alter- 
nately sets and resets trigger 1. Every second oscillator 
pulse alternately sets and resets trigger 2. Every fourth 
pulse sets or resets trigger 4; every eighth pulse sets 
or resets trigger 8. 

The binary counter does not have to count to the 
maximum point. The dc reset line, common to each 
stage of the counter, can be conditioned to shorten the 
counter cycle or to terminate the count. 

In 1414-1 and 2 operation, selected oscillator pulses: 

1. Drive triggers in the binary counters in parallel 
(i. e., triggers are set and reset in one operation). 

2. Gate output timings from the delay counters. 

In 1414-7 operation, oscillator pulses drive only the 
first stages in binary counters. The first stages drive 
the remaining triggers in the counters in parallel and 
gate output timings from the respective counters. Tim- 
ings are shifted by half an oscillator cycle in 1414-7 
operation relative to the equivalent timings in 1414-1 
and 2 operation. 

Three binary counters provide the timings required 
in tape synchronizers. The counter circuits are called 
the delay counter, read clock, and write clock. The 



oscillator selected to drive each counter determines 
the circuit's output frequency. Figure 35 lists oscil- 
lators in the tape synchronizer. Figure 36, 37, 38, and 
39 list timings and clock pulses required to control 
tape unit operations. 

Delay Counter 

Delay counters in tape synchronizers that control only 
729 tape units are ten-stage binary counters; triggers 
are labeled in binary sequence from doi through 
dc-512. Delay counters in tape synchronizers that con- 
trol 7330 tape units are twelve-stage binary counters; 
triggers are labeled in binary sequence from dc-i 
through DC-2048. 

The selected tape unit, the density at which the 
tape unit is operating, and the phase of the operation 
being executed designate one of nine (1414-1) or ten 
(1414-7) crystal oscillators to drive the delay counter. 
The selected oscillator determines whether the fre- 
quency of the output timings are in the millisecond or 
microsecond range. When the counter advances to the 
selected point, the dc reset line to each trigger in the 
counter is conditioned, and oscillator drive pulses to 
the counter are blocked, terminating the operation. 

Delay counter outputs combine with outputs from 
the read and write delay latches to produce read and 
write delay timings (rd and wd). Read and write dis- 
connect delay latches outputs and with delay counter 
outputs forming read and write disconnect delay 
signals (rdd and wDD) t 



Read Clock 

The read clock, a four-stage binary counter, supplies 
timings that the tape synchronizer requiresto process 
characters from the tape unit. The selected tape unit, 
the density at which the tape unit is operating, and 
the status of the check character latch designate one 
of six (1414-1) or seven (1414-7) clamped oscillators 
to supply drive pulses to the read clock (Figures 40 
and 41). 

In the read check of a tape write operation, the first 
bit of a character detected at the output of the final 
amplifiers sets the first bit latch. In a tape read oper- 
ation, the first high-clip bit detected at the output of 
the final amplifiers sets the first bit latch. The on out- 
put of the first bit latch unclamps the read clock oscil- 
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Oscillator 


Tape 


Tape Unit 


Frequency 
Accuracy (%) 


Function 


6.67 KC 


Crystal 


729 II and V 


±1 


Delay Counter Millisecond Control 


10 KC 


Crystal 


729 IV, VI, and 7330 


+ 1 


Delay Counter Millisecond Control 


115 KO 


Crystal 


7330 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (Low Density) 


115 • KC 


Clamped 


7330 


±5 


Read Clock Drive (Low Density) 


240 KC 


Crystal 


729 II and V 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (200 cpi) 


240 KC 


Clamped 


729 II and V 


±5 


Read Clock Drive (200 cpi) 


320 KC 


Crystal 


7330 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (Hi Density) 


320 KC 


Clamped 


7330 


±5 


Read Clock Drive (Hi Density) 


360 KC 


Crystal 


729 IV and VI 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (200 cpi) 


360 KC 


Clamped 


729 IV and VI 


±5 


Read Clock Drive (200 cpi) 


667 KC 


Crystal 


729 II and V 


+1 


Delay Counter Microsecond Control and 
Write Clock Drive (555.5 cpi) 


667 KC 


Clamped 


729 II and V* 


±5 


Read Clock Drive (555.5 cpi) 


960 KC 


Crysta 1 


729 V 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (800 cpi) 


1 MC 


Crystal 


729 IV and VI 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (555.5 cpi) 


1 MC 


Clamped 


729 IV, V, and VI 


±5 


Read Clock Drive (729 IV and VI at 
555.5 cpi and 729 V at 800 cpi) 


1.44 MC** 


Crystal 


729 VI 


±1 


Delay Counter Microsecond Control and 
Write Clock Drive (800 cpi) 


1 .66 MC** 


Clamped 


729 VI 1 


±5 


Read Clock Drive (800 cpi) 



* to prevent skew errors, the 729 V, uses the 667 KC clamped oscillator to read check characters when operating at 800 cpi. 
** 1414-7 only 

Figure 35. Tape Synchronizer Oscillators 



lators, allowing the selected oscfflaloiTto'siipply drive 
pulses to the^clock. In 1414-7 operation, the 360-kc 
oscillator drives the read clock when the tape synchro- 
nizer processes the^ check character. When the 729 v 
tape-unit executes the tape operation, the 1414-1 tape 
synchronizer unconditionally selects the 667-kc oscil- 
lator to drive the read clock to process the check char- 
acter. 

The read clock cycle in the read check of a tape 
write operation is longer than the cycle in a tape read 
operation. In neither case, however, does the four- 
stage binary counter that makes up the clock advance 
to its maximum point. In a tape write operation, the 
read clock is reset at the end of read clock-10 (rc-io) 
time (when the delay counter advances to 11). In a 
tape read operation, the clock is reset at the end of 
RC-7 time (when the delay counter advances to 8). 

The line that resets the clock also resets the first bit 



latch, clamping the read clock oscillators. The next 
read clock cycle begins when the tape unit transfers 
the next character to the tape synchronizer. 

Write Clock 

The write clock, a four-stage binary counter, supplies 
timings that the tape synchronizer requires to process 
characters from the processing unit to the tape unit. 
The selected tape unit and the density at which thee 
tape unit is operating designate one of seven (1414-1) 
or eight (1414-7) crystal oscillators to supply drive 
pulses to the write clock (Figure 42). However, the 
clock can be driven only when the write condition 
latch is set, or the fourth stage (write clock-8 trigger) 
is on. 

When the write condition latch is set, the selected 
oscillator continuously supplies drive pulses to the 



82 



Output 


Tape 
Synchronizer 


200 cpi 


556 cpi 


800 


cpi 








729 
II 


729 

IV 




729 
II 


729 
IV 






RC-2 


1414-7 


7330 


or 
V 


or 
VI* 


7330 


or 
V 


or 
VI* 


729 V 


729 VI* 


22.05 


10.72 


7.25 


8.11 


4.05 


2.8 


2.8 


1.86 


RC-3 


1414-1 


26.4 


12.8 


8.6 


9.7 


4.8 


3.3 


3.3 




RC-4 


1414-1 


35.1 


16.9 


11.4 


12.8 


6.3 


4.3 


4.3 




RC-4 


1414-7 


39.45 


19.05 


12.80 


14.36 


7.05 


4.8 


4.8 


3.11 


RC-5 (Write) 


1414-1 


43.8 


21.1 


14.2 


15.9 


7.8 


5.3 


5.3 




RC-6 


1414-1 


48.1 


23.2 


15.6 


17.5 


8.5 


5.8 


5.8 




RC-6 


1414-7 


56.8 


27.40 


18.36 


20.60 


10.05 


6.8 


6.8 


4.36 


RC-6 Delay 


1414-7 


61.20 


29.47 


19.74 


22.15 


10.80 


7.3 


7.3 




RC-7 (Read) 


1414-1 


61.2 


29.5 


19.7 


22.2 


10.8 


7.3 


7.3 




RC-7 (Set) 


1414-7 


65.65 


31.65 


21.23 


23.82 


11.65 


7.9 


7.9 


5.09 


RC-7 Reset (Read) 


1414-1 


65.6 


31.7 


21.2 


23.8 


11.6 


7.9 


7.9 




RC-7 Reset (Read) 


1414-7 


66.15 


32.15 


21.73 


24.32 


12.15 


8.4 


8.4 


5.59 


RC-10 Reset (Write) 


1414-1 


91.7 


44.2 


29.6 


33.2 


16.1 


10.9 


10.9 




RC-10 Reset (Write) 


1414-7 


91.7 


44.2 


29.6 


33.2 


16.1 


10.9 


10.9 


6.96 



* 141 4-7 only 

**all read clock timings are in microseconds and are measured with respect to the rise of the first bit line. Tolerances are ±5%. 



Figure 36. Read Clock Outputs 

write clock, causing the clock to cycle repetitively 
(i. e., after the four-stage delay counter steps to 15 
and is reset, the next cycle begins immediately). In 
the last clock cycle, the write condition latch is reset 



when the clock advances to 14. The write clock-8 trig- 
ger gates drive pulses from the selected oscillator to 
the clock, allowing the clock to complete the cycle. 
The write clock does not run again in the operation. 



r*- 
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r^ 



Output 


Tape 
Synchronizer 


200 cpi 


555.5 cpi 


800 


cpi 


WC-1 


1414-1 


7330 


729 
!! 

or 
V 


729 
IV 
or 
VI* 


7330 


729 
li 
or 
V 


729 
IV 
or 
VI* 


729 
V 


729 
VI* 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


WC-1 


1414-7 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


Ref 


WC-2 


1414-1 


8.70 


4.17 


2.78 


3.12 


1.50 


1.00 


1.04 




WC-2 


1414-7 


17,40 


8.34 


5.56 


6.24 


3.00 


2.00 


2,08 


1.39 


WC-4 


1414-1 


26,09 


12.50 


8.34 


9.38 


4.50 


3,00 


3.12 




WC-4 


1414-7 


34,80 


16.68 


11.12 


12.48 


6.00 


4,00 


4.16 


2.78 


WC-6 


1414-7 


52.20 


25.02 


16.68 


18.73 


9.00 


6.00 


6.24 


4.17 


WC-9 


1414-1 


65.21 


31.25 


20.84 


23.44 


11.24 


7.50 


7.81 




WC-12 


1414-7 


95.70 


45.87 


30.58 


34.40 


16.50 


11.00 


11.44 


7.65 


WC-14 


1414-1 


113.05 


54.17 


36.11 


40,63 


19.47 


13.00 


13.54 




WC-14 


1414-7 


121.80 


58.38 


38.92 


43.68 


21.00 


14.00 


14.56 


9.73 


WC-1 


1414-1 


139,14 


66.67 


44.45 


50.00 


24.00 


16.00 


16.67 




WC-1 


1414-7 


139,14 


66,67 


44.45 


50.00 


24.00 


16.00 


16.66 


11.1 


WC-4 to WC-8 


1414-1 


21.74 






7.81 










WC-4 to WC-8 


1414-7 


26.10 






9.36 











* 1414-7 only 

**all write clock timings are in microseconds and are measured with respect to the turn-on 
of the WC-1 pulse. Tolerances are ± 1% 

Figure 37. Write Clock Outputs 





Tape 
Synchronizer 




200 cpi 






556 cpi 




800 


cpi 


Output 


"~ 7330 


729 II or V 


729 IV or VI* 


7330 


729 II or V 


729 IV or VI* 


729 V 


729 VI* 


RDD-36 


1414-1 


313.0 


150.0 


100.0 


112.5 


54.0 


36.0 


37.5 




RDD-36 


1414-7 


317.4 


152.1 


101.4 


114.1 


54.8 


36.5 


38.1 


25.4 


RDD-128 


1414-1 




533.3 


355.5 




192.0 


128.0 


133.3 




RDD-128 


1414-7 




536.0 


357.0 




192.8 


128.5 


133.9 


89.2 


RDD-136 or 110 


1414-1 


956.6 


566.7 


377.7 


343.8 


204.0 


136.0 


141.7 




RDD-136or 110 


1414-7 


961.0 


568.8 


379.1 


345.3 


204.8 


136.5 


142.2 


94.8 


RDD-144 


1414-1 




600.0 


400.0 




216.0 


144.0 


150.0 




RDD-144 


1414-7 




602.1 


401.4 




216.8 


144.5 


150.5 


100.3 


WDD-60 


1414-1 


521.7 


250.0 


166.7 


187.5 


90.0 


60.0 


62.5 




WDD-60 


1414-7 


526.0 


252.1 


168.1 


189.1 


90.8 


60.5 


63.0 


42.0 



*1414-7oniy 

**Tolerance on all other delay counter microsecond timings except RDD-36 is ± 1%; RDD-36 tolerance is ± 2% 

Figure 38. Delay Counter — Microsecond Outputs 
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Tape 












Synchronizer 


7330 


729 li or V 


729 IV or VI* 


Tolerance 


RDD-16or 78 


1414-1 


7.8 ±3% 


2.4 ±5% 


1.6 ±5% 




RDD-16or 78 


1414-7 


7.85 ±3% 


2.48 ±5% 


1.65 ±5% 




End Bkwd Stop Delay 


1414-1 


7.8 


5.7 


22.0 


±3% 


End Bkwd Stop Delay 


1414-7 


7.85 


5.78 


22.05 


±3% 


RDD-64 or 78 


1414-1 


7.8 


9.6 


6.4 


±2% 


RDD-64 or 78 


1414-7 


7.85 


9.68 


6.45 


±2% 


RDD-152 or 2106 


1414-1 


210.6 


22.8 


15.2 


±1% 


RDD-152or 2106 


1414-7 


210.65 


22.88 


15.25 


±1% 


WDD-20 


1414-1 


2.0 


3.0 


2.0 


+5% 


WDD-20 


1414-7 


2.05 


3.08 


2.05 


±5% 


RD-44 or 36 


1414-1 


3.6 


6.6 


4.4 


+2% 


RD-44 or 36 


1414-7 


3.65 


6.68 


4.45 


+2% 


RD-160 or 768 


1414-1 


76.8 


24.0 


16.0 


+ 1% 


RD-160or 768 


1414-7 


76.85 


24.08 


16.05 


+ 1% 


WD-28 or RD-28 


1414-1 


2.8 


4.2 


2.8 


±2% 


WD-28 or RD-28 


1414-7 


2.85 


4.28 


2.85 


+2% 


WD-30 or RD-30 


1414-7 


3.0 


4.5 


3.0 


+2% 


WD-32 


1414-1 




4.8 


3.2 


±2% 


WD -32 


1414-7 




4.88 


3.25 


+2% 


WD-96 


1414-1 




14.4 


9.6 


±2% 


WD -96 


1414-7 




14.48 


9.65 


±2% 


WD -320 or 1088 


1414-1 


108.8 


48.0 


32.0 


±1% 


WD-320or 1088 


1414-7 


108.85 


48.08 


32.05 


±1% 


D-50 or WD -72 


1414-1 


7.2 


7.5 


5.0 


+2% 


D-50 or WD-72 


1414-7 


7.25 


7.58 


5.05 


+2% 


D-96or 128 


1414-1 


12.8 


14.4 


9.6 


±1% 


D-96or 128 


1414-7 


12.85 


14.48 


9.65 


±1% 


D-160 or 2048 (Write) 


1414-1 


217.6 


24.0 


16.0 


±1% 


D-160or 2048 (Write) 


1414-7 


217.7 


24.08 


16.05 


+ 1% 


D-160 or 2048 (Read) 


1414-1 


204.8 


24.0 


16.0 


±1% 


D-160 or 2048 (Read) 


1414-7 


204.85 


24.08 


16.05 


±1% 


D- 180 or 64 (Write) 


1414-1 


224.0 


27.0 


18.0 


±1% 


D-180or 64 (Write) 


1414-7 


224.1 


27.08 


18.05 


±1% 


D»180or 64 (Read) 


1414-1 


211.2 


27.0 


18.0 


£1% 


D-180or 64 (Read) 


1414-7 


211.25 


27.08 


18.05 


±1% 


FSD-44 


1414-1 


4.4 






±2% 


FSD-44 


1414-7 


4.45 






±2% 


FSD-98 


1414-1 


9.8 






±1% 


FSD-98 


1414-7 


9.85 






±1% 



*1414-7only 

**To!erance on all other delay counter microsecond timings except RDD-36 is +1%; RDD-36 tolerance is +2% 



Figure 39. Delay Counter — Millisecond Outputs 
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Mod II Hi Density 



Check Character 



Mod V Density 800 



Mod V Density 556 



Mod IV High Density 



Not Check Character 



Mod V Density 800 



Low-Clip Bits ""N 

Hi-CI?p Bits f^ 



Not Write 



I> 




First 

Bit 

Latch 



667 KC 
Oscillator 



IMC 
Oscillator 



240 KC 
Oscillator 



Mod II or V Density 200 



200 r-l^ 



360 KC 
Oscillator 



Mod IV Low Density 




320 KC 
Oscillator 



7330 Hi Density 



115 KC 
Oscillator 



7330 Low Density 




*Singleshot fires when the RC-10 pulse (Write) or RC-7 pulse (Not Write) falls 
** 1414-1 with intermix and 800 cpi features 

Figure 40 1414-1 Read Clock Drive 



y^ 



Write 



D 



Write RC-5 
Read RC-7 



Reset 



Rd Clock 



Four-Stage 

Binary 
Counter 
RC-1, 2, 
4, 8 Tgrs 



RC-10 



Not Write 



\>Q-R 



Not Check Character 



D> 



Density 200 



Select, Ready Mod IV or VI 
First Bit 



Check Character 






IJ> 



Select Ready Mod VI 



Density 800 



1.6MC 
Oscillator 



Select, Ready Mod V 



Density 800 



Sel, RdyMod IV or VI 



Density 556 



Sel, Rdy, Mod II or V 



Density 556 



Sel, RdyMod II or V 



Density 200 



Select, Ready Hi 7330 



320 KC 
Oscillatoi 



Select, Ready Lo 7330 



115 KC 
Oscillator 



360 KC 
Oscillator 



*Sing!eshot fires when the RC-10 pulse (Write) or RC-7 pulse (Not Write) falls 
**14l4-7 with intermix feature 

Figure 41. 1414-7 Read Clock Drive 



i3> 



O- 1 



O- 




Drive Pulses 



Rd Clock 



Four-Stage 

Binary 

Counter 

RC-1, 2, 

4, 8 Tgrs 



Not Write 




Reset First Bit Latch 
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1.44 MC 
Oscillator 



960 KC 
Oscillator 



320 KC 
Oscillator 



360 KC 
Oscillator 



115 KC 
Oscillator 



S elect, Ready Mod VI 



Density 800 



Select, Ready Mod V 



Density 8 00 





Select, Ready Mod IV or VI 


1 MC 
Oscillator 




Density 556 







Select, Ready Mod II or V 


667 KC 
Oscillator 




Density 556 





Select, Ready 7330 



Density 556 



Select, Ready Mod IV or VI 



Density 200 





Select, Ready Mod II or V 


240 KC 
Oscillator 




Density 200 





Select, Ready 7330 



Density 200 



Write Condition 



Write Clock - 8 Trigger 



!> 



Drive 
Pulses 



WR Clock 

Four-Stage 

Binary 

Counter 

WC-1, -2, 
4, -8 Tgrs 



Write Clock Timings to 
to Gating, Circuits ^ 



Figure 42. 1414-1 or 7 Write Clock Drive 
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^ 



Tape Synchronizer Reference 



CE Panel 

In off-line operation^ the customer engineer can dupli- 
cate all cpu commands to the tape synchronizer by 
operating ce panel controls. The CE panel (Figures 
43 and 44) aids in checking tape synchronizer oper- 
ation, making synchronizer adjustments, and locating 
failures, Indicators on the ce panel provide a visual 
indication of the status of control circuits in the tape 
synchronizer and in the ce control unit. Lights repre- 
sent the state of each register, counter, clock, ring, and 
several control latches. 

CE Panel Keys 

START 

When ce switches are set to select the desired oper- 
ation, the start key must be pressed to initiate the 
operation. If the single cycle switch is off, the desig- 
nated operation cycles repetitively, and the start 
key need not be pressed again during the operation. 

reset 

The reset key resets the ce control and conditions the 
tau reset line (30.31.1), The start key must be 
pressed to begin the next ce operation, 

CE Panef Switches 

CE OP 

The ce of switch conditions the tape synchronizer 
for off-line operation, causing the synchronizer to ac- 
cept commands from the ce panel. Only the stop o\ t 
error switch is active when the ce op switch is off 
(68.05.1), The tape off-line indicators on the ibm 
1415-1 and 2 Consoles (1410 and 7010 Systems) light 
when the ce or switch is on; the tape synchronizer will 
not execute cpu commands. 

SINGLE CYCLE 

When the single cycle switch is off, the selected ce 
operation cycles repetitively. When the single cycle 
switch is on, the tape synchronizer performs one cycle 
of the designated operation and stops; the start key 
must be pressed again to begin the next cycle. 

stop on error 

The stop on error switch is operative in both on-line 
and off-line tape operations. When the switch is on, 
the manual stop on error line is conditioned to check 



the states of the error latch and the read-write register 
vrc latch. If the error latch is set: 

1. The write rc-ig or read rc-7 reset line is held in- 
active until the system or the ce panel resets the tape 
operation to prevent resetting the A and B read 
registers, 

2. Input paths to the read registers are blocked. 
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Figure 43, Tape Synchroniser ce Panel 



88 



3. The tape synchronizer busy line is held active. 

4. An earlier read clock pulse samples the read reg- 
ister compare circuits. 

5. If the read-write register vrc latch is set, the 
freeze read-write register line is conditioned, causing: 

a. The read condition only line to drop. 

b. The set and reset paths to the read-write reg- 
ister to be blocked. 

At the end of the tape operation, the read-write reg- 
isters contain the character or condition that caused 
the error. 

When the stop on error switch is on, the tape off 
line indicator on the 1415-1 and 2 consoles ( 1410 and 
7010) light regardless of the position of the ce op 
switch. 

WRITE ALL ONES 

The write all ones switch conditions the write data 
lines to the tape unit, causing the tape unit to write 
a seven bit character during each write cycle. 

odd redundancy 

The odd redundancy switch conditions the odd re- 
dundancy call line to turn on the odd redundancy 
latch in the tape synchronizer (40. 61. 1). The odd re- 
dundancy latch conditions all tape synchronizer vrc 



circuits to check for odd parity characters. When the 
latch is off, vrc circuits test for even parity characters. 

rewind 

When the rewind switch is on, "rewind call" is con- 
ditioned (60. 02. 1) to set the rewind latch. The tape 
synchronizer initiates a normal rewind operation on 
the selected tape unit. 

turn off tape indicator (tt) 

The turn off ti switch generates the request signal 
(60. 50. 1) to turn off the tape indicator on the se- 
lected tape unit. 

rewind unload 

When the rewind unload switch is on, "rewind un- 
load cair is conditioned (60. 02. 1) to turn on the re- 
wind unload latch. The tape synchronizer initiates a 
normal rewind operation; 729 tape units unload tape 
when load point is sensed. 

REGISTER A ONLY 

Normally, in read only operations, the character in 
read register B transfers to the lrcr and read-write 
register when the character in read register contains 
a vrc error. The register a only switch generates the 
register A only line to block the output of the read 
register A vrc circuit and allow read register A to set 
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Figure 44. Tape Synchronizer ce Panel Indicators 
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the lrcr and, in read only operations, the read-write 
register each character cycle, regardless of the vertical 
structure of the character in the A register. 

REGISTER B ONLY 

By forcing an A register vrc indication each character 
cycle, the reg b only switch causes the character in 
read register B to transfer to the lrcr and, in read 
only operations, the read-write register. The reg b 
only switch should not be used in a write operation 
when the stop on error switch is on. In a read only 
operation, B register random pickup can occur due to 
the low-clip level of the B register. See amp bias 
switch operation. 

early sample 

The early sample switch causes the skew gate latch 
in the tape synchronizer (10. 31. 1) to turn on during 
a read only operation. The early sample switch also 
allows an A register vrc indication to turn on the tape 
synchronizer error latch in a read only operation. 

READ COMPARE 

In a write operation, the character in read register A 
is compared to the character in read register B during 
each character cycle. If the characters are not identi- 
cal, the check latch is set, indicating a compare error 
(50. 30. 1). The read comp switch causes the tape syn- 
chronizer to make the read register compare check 
during a read only operation. 

The read comp switch should be used with dis- 
cretion. Because the low-clip level for read register B 
register is only 7.5$, a signal or noise in the amplifier 
track above 0.6 volts peak-to-peak is set into the B 
register. Therefore, B register random pickup might 
occur during read compare operations. This is espe- 
cially true for higher tape drives preamplifier settings 
for 800 cpi. See amp bias switch operation. 

amp bias 

The amp bias switch alters input acceptance levels for 
tape synchronizer final amplifiers. In a read operation, 
final amplifiers are conditioned to accept data at nor- 
mal write operation levels. In a write operation, final 
amplifiers are conditioned to accept data at normal 
read operation levels. 

The amp bias switch should be used only during 
read operations. When this switch is used in conjunc- 
tion with the read comp or reg b only switch, it pre- 
vents B register pickup, but the probability of A 
register (high-clip level) random dropout is greatly 
increased. New clip levels that ec-H2238 establish 
greatly improve the dropout condition, but occasional 
dropouts may still occur. 



CE Control Plug Board 

The ce Control Plug Board (Figure 45) permits cus- 
tomer engineers to manually program tape synchro- 
nizer operations. A control panel program can select a 
tape unit, designate ce tape operations, vary the 
length of tape records, and select bit configurations 
for each of five characters. Two rings and a counter 
in the ce control circuits condition the control panel 
hubs. Each ring and the counter operate separately. 
Instruction Ring 

The ce reset line resets the four-stage instruction ring 
counter; the busy line dropping advances the counter 
( Figure 46). The ce reset line turns on the first stage of 
the counter and turns off the other three stages. In- 
struction ring-1 select-out and instruction ring-1 in- 
struction out control plug board hubs are conditioned 
immediately after the counter is reset. When the start 
key is pressed, the control line begins the designated 
operation. The tape synchronizer conditions the busy 
line and holds "busy" active to the end of the oper- 
ation. The busy line dropping advances the instruction 
counter in loops (1, 2, 3, 4, 1, 2, 3, 4, 1, 2, 3, 4, etc.) 
until: the reset button is pressed; the special ring is 
conditioned; or the single cycle switch is turned on. 
All four ring positions must be used for continuous run 
operation. 

select-out and select-in hubs 

The instruction ring or the special ring conditions the 
select-out hubs. Select-out hubs must be wired to se- 
lect-in hubs to designate a tape unit to perform the ce 
operation. The ten select-in hubs numbers correspond 
to the ten tape units that the tape synchronizer con- 
trols. 

INSTRUCTION-OUT AND INSTRUCTION-IN HUBS 

The instruction ring or the special ring conditions the 
instruction-out hubs. Instruction-out hubs must be 
wired to instruction-in hubs to select the desired ce 
tape operation. When the start pushbutton is^pressed, 
the "ce pulse" combines with the output of an instruc- 
tion-in hub to send appropriate control lines to the 
tape synchronizer. 

Note: when instruction-out hub 1 is wired to erase, 
the fall of "busy" from the "erase call" causes the in- 
struction ring to step after reset. 

Special Ring 

The special ring is a two-stage counter used for spe- 
cial ce programming when an error is detected. The 
plug board error hub must be connected to the special- 
routine hub to condition the special ring. When the 
tape synchronizer error latch (50. 50. 1) is set, the 
special ring causes the tape synchronizer to perform 
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Figure 45. ce Control Plug Board 

alternate operations designated on the plug board. 
For example, the ce plug board might specify back- 
space and read, backspace and write, or backspace 
and erase when the tape synchronizer detects an error 
in the main operation. The special routine hub should 
be connected to the off hub when the special ring is 
not used. 

Character Counter 

The thirteen-stage character counter controls the var- 
iable length record and the sequence of the five plug 
board characters. 



COUNT HUBS 

Count hubs control the timing of the disconnect call 
signal to the tape synchronizer (68. 32. 1) to end the 
operation. The count (cot) hub must be wired from 
one of the count number hubs (1, 5, 80, 320, 1000, or 
cont). Count number hubs, conditioned by the char- 
acter counter, select the length of the records. If the 
stop on error switch is on, an error conditions "dis- 
connect cair in continuous write operation. 

CHARACTER HUBS 

Five sets of character hubs are available. Any bit 
configuration can be wired for each of the five char- 
acters. If the ce program requires more than five char- 
acters, outputs from the character hubs are repeated 
(1, 2, 3, 4, 5, 1, 2, 3, 4, 5, etc.). 

TI OFF 

The ti off hub is used to check the end of tape photo- 
cell in the tape unit. When the tape indicator (n) 
light turns on, the ti off hub jnay be wired. When the 
ti off hub is wired, a plugged program of a double 
backspace, read, then write causes the tape unit to 
cycle to the end of file; the photocell turns on and off. 

1414-1 (Without 800 CPI Feature) and 2 

Clipping Level Checks 
Tape synchronizer clipping level checks provide tests 
for clipper cards and clipping acceptance levels; the 
checks do not test the entire track. Clipping level 
checks are valid only for the clipping levels estab- 
lished with ec-112238; Because ac signals cause erro- 
neous readings, bits should not enter the track during 
the read check of a write operation or a read only 
operation. 

Write Clipping Level Cheek 

1. Rotate the tape unit selector to 0; rewind the 
tape unit to load point. 

2. Set the ce op switch up; set all other functional 
switches down. 

3. Wire jumpers on the ce control plug board as 
follows: 

SEL OUT 1 tO SEL OUT 2 
SEL OUT 2 tO SEL OUT 3 
SEL OUT 3 tO SEL OUT 4 
SEL OUT 1 tO SEL IN 
INST OUT 1 tO INST OUT 2 
INST OUT 2 tO INST OUT 3 
INST OUT 3 tO INST OUT 4 
INST OUT 1 tO INST IN WRITE 
SPC tO OFF 

NO CHAR BITS plugged 
CNT tO CONT 
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Figure 46. Instruction Ring 



4. Press 1414 reset key; observe that the ce control 
panel load point indicator is on. 

5. Press 1414 start key; observe that the echo 
error indicator is on. 

6. Adjust a 20K ohms/volt multimeter for minimum 
voltage scale above 2.5 volts. Connect meter leads to 
pins listed in Figure 47, and observe meter for indi- 
cated outputs. 

Note: If meter readings do not conform to values 
listed in Figure 47, perform Clipping Level Error 
Check. 

Read Clipping Level Check 

1. Perform the first steps listed under Write Clip- 
ping Level Check. 

2. Press the 1414 reset key; set the rewind switch 
up, then down. 

3. Remove jumper connecting inst out 1 to inst in 
write on control plug boards. 

4. Insert jumper from inst out 1 to inst in read. 



5. Wait for load point indicator on ce control panel 
to light, then press the 1414 start key. Check to see 
that no bits are in the read-write register and that the 
read clock is not running. 

6. Adjust the multimeter for minimum voltage scale 
above 2.0 volts. Connect meter leads to pins listed in 
Figure 48 and observe meter for indicated outputs. 

7. If the last few readings are high, check to see 
that the read clock and read-write register indicators 
are off. If the indicators are lighted, press the reset 
key; set the rewind switch up and down; repeat steps 
10 and 11. F 

Note: If meter readings do not conform to values 
listed in Figure 48, perform Clipping Level Error 
Check. 

Clipping Level Error Check 

Perform the appropriate steps in accordance with the 
error condition encountered in the clipping level read 
or write check. 
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Meter Lead Connections 
(Panel 6) 



Negative 



Positive 



E05M 


E05C 


E05M 


E05F 


E07M 


E07C 


E07M 


E07F 


E09M 


E09C 


E09M 


E09F 


E12M 


E12C 


E12M 


E12F 


E14M 


EMC 


E14M 


E14F 


E16M 


E16C 


E16M 


E16F 


E18M 


E18C 


E18M 


E18F 



Acceptance Range 
Positive Voltage 
Referenced to -12v 



2.06 to 2.50 
1.33 to 1.78 
2.06 to 2.50 
1.33 to 1.78 
2.06 to 2,50 
1.33 to 1.78 
2.06 to 2.50 
1.33 to 1.78 
2.06 to 2.50 
1.33 to 1.78 
2.06 to 2.50 
1.33 to 1.78 
2.06 to 2.50 
1.33 to 1.78 



If readings for both read and write are the same, 
and either the read or write voltages are correct: 

1. Scope chassis c5bf (input pin F acceptance card 
yca 60. 40. 10. 1); level should be ground potential for 
write and negative for read. 

2. Press 1414 reset key. 

3. Change inst out status. 

4. Press 1414 start key. If input levels are correct, 
yca card (60. 40. 10. 1) is probably defective. If in- 
put levels are incorrect, observe write indicator on ce 
panel to see that indicator is on during write and off 
during read. If write indicator remains on during 
read, or fails to light during write, check the write 
latch (60. 60. 30. 1). If the write latch is functioning 
properly, the dhh card (location 5A, 5B, and 4A, 
logic page 60. 40. 10. 1) is probably at fault. 

If voltages for both read and write are the same 
and neither is correct, or all readings are off by the 
same amount, check acceptance card yca (40. 10. 1). 

If one voltage reading is high or low on either read 
or write or both, check clipper card yjg (40. 10. 1). 

If the read and write voltages are reversed, check 
the amp bias switch on the ce panel. 



*without 800 cpi feature 
Figure 47. Write Clipping Level Check for 1414-1 and 2 



Meter Lead Connections 
(Panel 6) 



Negative 



E05M 

E05M 

E07M 

E07M 

E09M 

E09M 

E12M 

E12M 

E14M 

E14M 

E16M 

E16M 

E18M 

E18M 



Positive 



E05C 

E05F* 

E07C 

E07F* 

E09C 

E09F* 

E12C 

E12F* 

E14C 

E14F* 

E16C 

E16F* 

E18C 

E18F* 



Acceptance Range 
Positive Voltage 
Referenced to -12v 



1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 
1.69 to 2.00 
0.00 to 0.14 



*if necessary, adjust multimeter to minimum scale for accurate reading. 
**without 800 cpi feature 

Figure 48. Read Clipping Level Check for 1414-1 and 2 



Tape Synchronizer Error Circuits Check 

To test the operation of error circuits in the tape syn- 
chronizer: 

1. Turn on power switches on the ce panel. 

2. Turn on ce op switch. 

3. Turn on single cycle switch, stop on error 
switch must be off. 

4. Wire the control plug board to select a tape drive 
to write no bits (no plugs in ce control bit hubs) and 
to write a fixed record length. 

5. Turn on odd red switch. 

6. Condition the selected tape unit for ready status; 
use a ce work tape. 

7. Remove the high-clip amplifier card from any 
track to cause an A reg vrc error. 

8. Press the start pushbutton to begin the oper- 
ation and reset the A reg vrc error. 

9. Observe the ce indicator panel to see that the 
following conditions are registered. 

r-w vrc error 
lrcr error 
Echo error 
Compare error 
Skew error 

10. Press the reset key. 

11. Repeat steps 7 through 10, removing a different 
high-clip amplifier card each time until the procedure 
has been performed once for each tape track. 
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Appendix 



14 14 Tape Synchronizer (Models 1 and 2) 
Second Level Diagrams 



FIGURE 
180 
181 

182 
183 
184 
185 



TITLE 

Reference Sheet 

Write Controls 1 

Write Controls 2 

Read Controls 1 

Read Controls 2 

Backspace, Erase, Rewind, Rewind Unload 



FIGURE 
186 

187 

188 

189 
190 

191 
192 
T80 



TITLE 

Write Clock and Delay Counter Oscillator 

Gating 

Delay Counter 

Read Disconnect Delay, Forward Stop 

Delay, and Check Character 

Go and Tape Drive Input^Output Lines 

Final Amplifiers, A and B Read Registers, 

R-w Reg, and lrcr Reg 

Error Circuits 1 

Error Circuits 2 

Tape Unit Response Logic 
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INPUTS FROM 729 TAPE DRIVE 
•2.20.0 



729 TP DRV LOGIC 



lit! 
Sifi 

lit! 
llfi 



8VPP READ BUS I BIT 729 
8VPP READ BUS 2 BIT 729 
8VPP READ BUS k BIT 729 

8VPP READ BUS 8 BIT 729 
8VPP READ BUS A BIT 729 
8VPP READ BUS B BIT 729 

8VPP REAO BUS C BIT 729 
SEL + RDY WR 729 
SEL ♦ RDY RO 729 

SEL ♦ REWIND 729 
SEL + Tl ON 729 
HIGH DENSITY 729 

WRITE ECHO 729 
SEL + LP 729 
SEL + NOT LP 729 

SEL + Tl OFF 729 
SEL AND READY MOD 2 729 
SEL AND READY MOD k 729 
MOD 5 OR MOD 6 



INPUTS FROM 7330 TAPE DRIVE 
02.21-1 



7330 TP DRV LOGIC 



iiJ&l 
IIII! 



8VPP READ BUS I BIT 7331 
8VPP REAO BUS 2 BIT 733J 
8VPP READ BUS k BIT 733( 

8VPP READ BUS 8 BIT 733| 
8VPP READ BUS A BIT 7331 
8VPP READ BUS B BIT 733! 

8VPP READ BUS C BIT 7330 
SEL + RDY WR 7330 
SEL ♦ RDY RD 7330 

SEL + REWIND 7330 
SEL + Tl ON 7330 
SEL + RDY HI 7330 

ECHO PULSE 7330 
SEL + LP 7330 
SEL + RDY LO 7330 

SEL RDY BWKD 7330 



INPUTS TO lAPESYNv. 
02.30.0 



1 BIT WRITE DATA LINE 

2 BIT WRITE DATA LINE 
k BIT WRITE DATA LINE 

8 BIT WRITE DATA LINE 
A BIT WRITE DATA LINE 
B BIT WRITE DATA LINE 

C BIT WRITE DATA LINE 
WR CALL 
WR TM CALL 

DISC CALL 
READ CALL 
REWIND CALL 

REWIND + UNLOAD CALL 
BACKSPACE CALL 
ERASE CALL 

ODD REDUNDANCY CALL 
TURN OFF Tl 

MAN WR DISC 

MANUAL STOP ON ERROR 

MANUAL STOP ON ERROR 

EARLY SAMPLE 
EARLY SAMPLE 
AMPLIFIER BIAS 

COMPARE CHECK CE 
REG A ONLY 
REG B ONLY 



I90BI 
I90BI 
I90BI 

I90BI 
I90BI 
I90BI 

I90BI 
I89AI. 
I89A3 

I85A2 
I83A2 
I89AI 

I9IAI 
I85AJ* 
I89U 

I89C4 
I89A3 
I89A2 
•«9A2 



TAPE 
SYNC 
ILD 
19081 

I90BI 
I90BI 

90BI 
I90BI 
19081 

I90BI 
I89A1* 
I89A3 

I85AI 
I83AI 
I89A2 

I9IAI 
I85A4 
I89A2 



1 901 

S 1901 

1901 

I90E 

\ 1901 

;0 1 901 



90A4 
90A4 
90 A4 

90A4 
I9|A1» 
90Ai« 



I90AU 
181 A3 
181 A6 

I82A5 
I83A6 
I85A2 

I85B2 
I85A6 
I85A5 

I86AI 
I83A3 
I89C3 

I82A5 
I92B5 
I92C2 

I92A3 
I9IC4 

I90AI 

I92B5 
I9IB6 
I9IB6 



TAPE 
SYNC 
ILD 



I90A«* 
I82D2 
I82D6 

I8IC5 
I83C6 
I85C5 

I89C6 
I85B2 
I85D2 



TAPE 

SYNC 

ILD 

I90BI 
I90BI 
I90BI 

I90BI 
I90BI 
I90BI 

Iffli 

I82D5 

I8IC5 
I83C6 
I85C5 



u 


" F - 


Q 






FIG 180 


OUTPUTS TO 729 TAPE 


3RIVE 




02.25.0 


729 TP DRV LOGIC 




WRITE BUS 1 BIT 729 
WRITE BUS 2 BIT 729 
WRITE BUS <4 BIT 729 


§1:1":! 




WRITE BUS 8 BIT 729 
WRITE BUS A BIT 729 
WRITE BUS B BIT 729 


lift! 




WRITE BUS C BIT 729 
WRITE PULSE 729 
WR TR REL 729 


01.01*. I 




SET WR STATUS 729 
SET READ STATUS 729 
BACKWARD 729 


lit! 




GO 729 
REWIND 729 
REWIND UNLOAD 729 


III:! 




TURN OFF Tl 729 
TURN ON Tl 729 


|!:|l:i 




OUTPUTS TO 7330 TAPE 


DRIVE 




02.26.0 


7330 TP DRV LOGIC 





I90A6 
I90A6 
I90A6 



90A6 
90A6 
90A6 



I8ID5 
I85B1* 
18802 

I83BI 
I92C2 
19202 



I8IC3 
188C6 
I8IC4 
I85B2 
I89D4 

1 8904 
I89C2 
1 898 2 

188B5 
I88B4 
I88BI 
I85C5 



WRITE BUS I BIT 7330 
WRITE BUS 2 BIT 7330 
WRITE BUS k BIT 7330 

WRITE BUS 8 BIT 7330 
WRITE BUS A BIT 7330 
WRITE BUS B BIT 7330 

WRITE BUS C PIT 7330 
WRITE PULSE 7330 
WR TR REL 7330 

SET WRITE STATUS 7330 
SET READ STATUS 7330 
BACKWARD 7330 

GO 7330 A 
REWIND 7330 
REWIND UNLOAD 7330 

TURN OFF Tl 7330 
TURN ON Tl 7330 



0.20-0 

MM 



OUTPUTS TO CONTROL UNIT 
02.35.0 



R-W REG I BIT 
R-W REG 2 BIT 
R-W REG k BIT 

R-W REG 8 BIT 
R-W REG A BIT 
R-W REG B BIT 

R-W REG C BIT 
WRITE 
WRITE COND 

BUSY' 

LOAD POINT 
CHECK CHAR 

SEL + Tl ON 

ERROR 

STOP ON ERROR 

WC 2 

WC 8 TR 

WR RC-5 OR READ RC-7 

WC-4 

RC-3 



WD k9 
SEL + I 
SEL + I 

SEL + 
SEL + 
SEL + 
RDD-36 
RDD I kk 
COMPUTE 
BACKWARD 



Tl OFF 
READY MOD k 
RDY HI 7330 



Figure 180. Reference 



Appendix 95 



I80A3 WR TM CALL 
I89C2 SEL ♦ READY 



I8ID5 NOT BUSY 



I88B3 RDD \kk RESET 



IC6 WRITE TM 



my 



f 7 " 5 ] WR TH | NO 

i- _X WRITE TM I8IA5 ,I9i 



60 • 3 1 ■ I 



NOT WRITE TM I90A3 



WRITE I82A6J84AI»,I84A5,I88A2, 
I9#AI . I9IC5. I92A3. I 92B5 



I83B5 INITIATE RD DLY - 



i 80A3 NOT MANUAL OP 



1 85 Di* D 180 OR DGh 



W} 



__S£T WR STATUS 729 T80 



^♦CH 1 



WR STATUS 7330 



NOT WRITE I80C3.I8<.A<.,I8I»C4. 
!90Bi , 19183 



INITIATE WR DLY OR RD OLY I90B5 



K WRITE STATUS 

J/ I83B6 READ ONLY 



18506 BACKSPACE 



8502 R EWIND UNLOAD 



19202 STOP ON ERROR 



I80A3 MAN WR DISC 



[END WRITE DELAY I86A2 
MAN WR DISC I82A5 S82C6 NOT WRITE COND 



I89C3 SEL + READY MOD 2 OR k 



I85C4 NOT LP OR ERASE 
18504 WD 96 



I89C3 ~SEL 7~Rdy M0"d~2~ 0R^ 



[WRITE DELAY I NO 



WR| TE DELAY I8IBI, I82A6, 189A6, 185D4, 192A1 



NOT WRITE DELAY I88A6 



WD 32 I83A3 



> 



WD 32 OR WD 96 183A3 



WD 320 




DC 6k TR 



DC \$2k T_R_ 



I89C2 SEL + RDY 7330 



289 B4 SELECT + READY + WRITE 



.DC 16 TR 



MI_QL-M_J&_ 



-NOT DC 128 TR 



NOT DC 256 TR 



NOT DC 51? TR 



181C4 WRITE DELAY 



WD 1088 




DC k TR 



— j ; [ \ WD 72 



DC 16 TR 



I86D2 ]¥£T~SAMPT7~ 



I82C6 MTWTmdZ 



i8lC4 WRITE DELAY r 
'83B5 REaOeLaTIV 



WD 320 OR WD 1 88 I80C2.I82A6 



^SELECT READY WRITE AND WRITE DELAY 186A2 



FIG 181 



BUSY 






60.02-1 






P 


NOT BUSY 


I8IA6, I83A6 
I85B2, I85A5 
I85A6, I85A2 




BUSY 


I80C3 



30. 52. 1 
D 50 | I82A6.I89A5 

\ D50 729 OR WD 72 7330 182A6, 189A5 



30. 52. 1 
-WO 28 OR RD_28. 188B4 , 190A3, 190D5, 192A1 



PC4TGR 



DC 8 TGR 



190B2 GATE ON FINAL AMPS 




30. 55. 1 
WD 30 OR RD 30 192A1 



Figure 181. Write Controls I 
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FIG. 182 



WRITE COND I80C3J83A3.I86C6.I90B5 



I8IC2 ffSf 729 OR WD 72 7330 



I8IC% WRITE DELAY 



I85B5 NOT LP OR ERASE 



I86D5 NOT U . SEC OSC Piy.SE 
I8IC6 WRITE 



I85B5 LP OR ERASE 



I 



I8IC3 wn V* OR WO 1088 



WRI TE CONDITIO N 



60.30.1 
J86BI RESET 



7$y 



60.30.1 



1 1ND WRITE I 



NOT WRITE COND I8IB4 , 18IB2. I 88A6 



30.. 1 1 • I 
I82DI WC \k 



I8IB6WKIIL IM 
I80A3 DISC CALL L -y 
181 AU MAN WR OISC^ V- 

SEL + RDYr ^ 
\kk RESETS - 



DISCONNECT LATCH 



I89C2 NOT SEL * RDYp 
I88B3 RDD 



H3 






RESET p 

rlf l 60- 



DC 32 TR 



I86C5 USEC SAMPLE 





DC k 


TR 




DC 


6 TR 




NOT 


DC 8 TR 


I86B? 


WDD 


MSEC CTRL 


I860 2 


MSEC SAMPLE 



I86BI RESET 

30 • 5 1 • I 

1.5 USEC 

O 



i=t> 



HSC PLY J J 



WR TR REL IND 
WR TR REL 729 T80 
WR TR RCU7330 T80 



WR TR REL I86A4 



NOT WR TR REL I86A3 



30.50.1 
1. 5 USE C 



| WDD IND 

WDD I86A4, I86A3 



NOT WDD I88A6 



WDD 20 I86A2.I89A5 



WRITE CLOCK G. . >NG 
20.30-1 



WRITE CLOCK 
20.20.1 



I86D6 WC DRIVE 



I86BI RESET 



-oi 






WC I TR 
WC 2 TR 



D- 



4>- 






<^> 1 20.20.1 



zr 



WC I TR IND 
WC I TR 



I86D6 WC SAMPLE 



wi i in k 

WC 2 TR \ |"v 

WC k TR [ / ^/~ 



WC I TR 

wc. 



1 IK K 

2 TR \ 
k TR / 



NOT WC I TR 



NOT WC k TR 



of 



<^ i 20-20.1 



IC 2 TR IND 
WC 2 TR 



WC I I8IA5J90B3 



WC 2 I90A3.I80C2 



NOT WC 2 TR 



WC k TR 



of 



IWC-if TR IND 
WC k TR 



NOT WC 8 TR 



I89C2 SEL + RDY 7330 



20.20.ir r 



NOT WC k TR 



pNO kcB TR 

WC 8 TR > ' 

OI f I | wc I 



20.20.ir t 



8 TR I86C6.I80C2 NOT WC 2 TR 

NOT WC k TR 
NOT WC 8 TR 



WC k I9IA2 .180C2 



> 



60 . 50 . I 

1 DL IwRITE PULSE 7330 T80 



fpn WRITE 

j-LT- 



PULSE 729 T80 



WC Ik I82B5, I9IBI 



Figure 182. Write Controls II 
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I80A3 READ CALL k READ ONLY 

NITIATE READ DFI AY 



I89C2 SEL.+ RDY 



8105 NOT BUSY 



8883 ROD 144 RESET 



60 • 2g> . 



rd 



READ ONLY IND 

READ ONLY I8IC5, I83C3, I88A2 



I85C5 BACKWARD 



iO- 





4> 



SET READ STATUS 729 



READ STATUS 7330 



-INITIATE READ DELAY I8IA5 



I83D4 READ DELAY RF 



SEt> 



3M0 . , 



READ DELAY 18 1 81 , I86A2, I89A6 



READ DELAY IND 



I85B4 NOT LOAD POINT 



DC 32 TR 



I89C3 SEL + READY MOD 2 OR i 



I86D2 MSEC SAMPLE 



DC 4 TR 



DC 32 TR 



I89C2 SEL + RDY 7330 



I89C3 SEL + READY MOD 2 OR 4 



DC 256 TR 



DC 512 TR 



I89C2 SEL + RDY 7330 




3>i 



5 66 NOT BACKSPACE 



3> 



f END READ DELAY I83A3 



8584 LCAD POINT 



60.20.1 
I83D4 END READ DELAY 



I8IC4 WD 32 OR WD 96 



82C6 WRITE COND 



85D4 PI 80 OR D64 



INITIATE READ COND 



18805 ROD 16 OR RDD78 



8 84 7330 RDD I 10 



40.61 . I 
I80A3 ODD REDUNDANCY CALL 



I88B3 RDD 144 RESET 



S> 



18802 CHECK CH AR 
I84C2 RC 4 TR 



190D4 EVEN CHAR COUNT 



r 



■ 20 - 1 



READ COND IND 



NOT READ COND I84B3 , I 85B6 , 184A5 



> 



ODD REDUNDANCY 



ODD REDUNDANCY IND 



I89D6 G0_ 







READ DELAY RESFT I83A5 
I86A2 



READ COND I90AI 



I83C6 READ ONLY 



ODD REDUNDANCY I 91 A2, I 91 A5.188C3 l88D2 NOT CHECK CHAR 



NOT ODD REDUNDANCY I9IA2.I9I/ 



I92D2 NOT FREEZE R-W REG 



READ COND ONLY I83C2J90A4 



I84C4 RESET 1ST BIT + 1ST CHAR 



I80A6 SEL ♦ Tl ON 7?9 



a 





rH FIRST CHAR IND 


FIRST CHAR 




u 


L 










I90B4 A REG 1 BIT 




19084 A REG 2 BIT 


40.60. 1 


I90B4 A REG 4 BIT 






I90B4 A REG 8 BIT 




I90C4 NOT A REG C. RIT 


I90C4 NOT A REG A RIT 


I90U NOT A REG B BIT 


I84D4 RC 6 


I83D3 READ COND ONI, Y » 



FIRST CHAR . TURN ON T 
, TAPE MARK 



I80A4 SEL + Tl ON 73301 DT 



> 



SEL + Tl ON I80C3 



D- 1 






URN ON Tl 729 



TURN ON Tl 7330 



98 



X 



Figure 183. Read Controls I 




Figure 184. Read Controls II 
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I80A3 REWIND CALL 
1 89C2 SEL + RDY 
I85BU NOT LOAD POINT 
I8ID5 NOT BUSY 



60 • 5 I . I 
I80A6 SEL ♦ REWIND 729 



I80A4 SEL + REWIND 7330 



W. 50. I 

REWIND 729 T80 



REWIND 7330 T80 
REWIND I8IC5 




I80A3 REWIND+UNLOAD CALL 
I89C2 SEL ■+ RDY 



> 



REWIND UNLOAD CALL I92AI 



60 • 50 • I 
, J ° L REWIND 



REWIND UNLOAD IND 



REWIND UNLOAD. 



SEL + REWIND 18082 



60-02. 



UNLOAD 729 T80 



REWIND UNLOAD 7330 T80 



REWIND UNLOAD I8IC5 



I 



100 Figure 185. Unit Control 



WRITE CLOCK AND DELAY COUNTER OSCILLATOR GATING 
20.10.1 



Q > 

800 SEL RDY M5 I 



MC 

lose] 



HIGH DENSITY 



I89C2 SR + READY MOD k 
360 KC 

rosr 




189BU NOT HIGH DENSITY 
!£S9C2 SEL + READY MOD 4 




& 



I89B2 HIGH DENSITY 729 
DENSITY 556 , 



SEL RDY M2+ M5| 2 ^S C 



DENSITY 200 SELRDYM2+M5 
320 KC 



I89C2 SEL f RDY HI 7330 



115 KC 

foscl 




IB9C2- SEL + RDY LP 7330 
I82D5 WR TR REL 



I 85B6 NOT BACKSPACE 




30.20.1 
10 KC 

foscl 



I89C2 SEL + READY MOD ' 



ZD*l 



I89C2 SEL + RDY 7330 



^ 



I89C3 SEL + READY MOD 2 



18705 NOT WR TR REL 



^ 



,WDD MSEC CTRL I82AU 



I85D6 BACKSPACE 



I88B3 FWD STOP DELAY 



18385 RFAD DELAY 



I85B6 BKSP NOT READ COND 



181C2 SELECT READY WRITE 



AND WRITE DELAY 




S3DU READ DELAY RESET 



I88B6 END ROD 



I8IBU END WRITE DELAY 



18505 73318 WR FWD D 128 THEN BKSP 



185C6 BACKWARD AT LOAD POINT r ~Z 



I80A3 TAU RESET 



I82C6 WRITE COND p . 
I82B2 WC 8 TR jj — 



3>" 



3) ^> 



tt 



3>- 



WC DRIVE I82B3 



4> 



SAMPLE I82C3 



& 



NOT USeC OSC PULSE I82A6 



USECOSC PULSE 



USEC SAMPLE I88A5, 182C5 . 188C3 



3> 



7&- 



H3- 



DC DRIVE I87B6 



MSEC SAMPLE I8IB2 , I82AI* , 183B5 
~ I85C5 , I88C5 , I 88A2 



DC RESET I87B6 



RESET 181, 182, 183, 181, ,185, 188, 189, 1 90, 192 



Figure 186. Write Clock and Delay Counter Oscillator Gating 
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DELAY COUNTER 
30.40.1 

















-t-Pl 


DC 1 TR IND 








GATE ^r— D£J — 


nJ 




I86D3 


DC DRIVE 






SET O T 


DC 1 TR 












> 30.40.1 


. NOT DC I TR 








< 








UL RtSET 






1 


























Kl 


DC 2 TR IND 




DC 1 TR 


-|\ 




DC 2 


^J 






" 


V 




C 


> T 

> 30.40.1 


DC 2 TR 






\ 




f NOT DC 2 TR 






1 


/ 




-— ^ 








P 




1 






















mffl 


DC 4 TR IND 


DC 1 TR 


!>-■ 








DC 4 


M_J 




DC 2 TR 






V 






— c 


> T 


DC 4 TR 


DC 1 TR 
DC 2 TR 


4\ 






NOT DC 4 TR 


P 


— V 




^ y, 






















psm 


DC 8 TR IND 




> 








DC 8 


^J 




DC 2 TR 




-- k TR 


/ 


r-V ; 




— <2 


> T 


DC 8 TR 


DC 1 TR 








NOT DC 8 TR 


DC 2 TR 


\ 


DC 4 TR 


/ 


— V 




i" 01 i 


[7N0, 










DC 1 TR 












DC 2 TR 


\ 


\ 




DC 16 TR IND 


DC 4 TR 






DC 16 


^S 




/ L_ 






DC 8 TR 


I 






DC 1 TR 




> 




— O T 


DC 16 TR 






30.42. 1 




NOT DC 16 TR 


DC 2 TR 


\ r 


> 


— <^> 


, P"l 




DC 4 TR 






1 






/ 








/ 








DC 32 TR IND 






DC 32 


^h 








— o 


T 
30.42.1 


DC 32 TR 








NOT DC 32 TR 






~<s> 


nwi 








1 
















DC 64 TR IND 










DC 64 


^X 










-O 


T 


DC 64 TR 










NOT DC 64 TR 






— ^> 


30.42. 1 


rm 








1 






















DC 128 TR IND 








DC 128 


n_r 












T 
























NOT DC 128 TR 






-o 


30.42.1 


mroi 






| 






















DC 256 TR IND 






DC 256 


^J~ 










— o 


T _i 


DC 256 TR 














NOT DC 256 TR 




i 


— <s^ 


30.4 3. 1 ~~ ' 


| INDl 






1 






















DC 512 TR IND 








DC 512 


n_r 












T 












DC 512 TR 












NOT DC 5 12 TR 




■ ►■ 


— <J> 


30.43. 1 "^ 


_P™]_ 






1 






















DC 1024 TR IND 










DC 1024 


nJ~ 












T _ 












DC 1024 TR 












NOT DC 1024 TR 






^sP 


30.43. 1 "* 


_M_ 






1 






















DC 2048 TR IND 








DC 2048 


H_T 












T 


DC 2048 TR 




















NOT DC 2048 TR 






-O 


30.43.1 








1 



















FIG I ft? 



102 Figure 187. Delay Counter 



r- 



READ DISCONNECT DELAY 
30.10-1 



I84B4 WR RC 5 OR READ RC-7 
!8ICi» NOT WRITE DELAY 



I82C6 NOT WRITE COND 



I82C4 NOT WDD 



READ DISC DLY 



I88BU 7330 RDD 110 
I88B3 RDD 144 RESET 



I88D2 NOT CHECK CHAI 



*>j 



D 



30-10- 



END RDD I86A2 



NOT DC I TR 



NOT DC 16 TR 



NOT DC 64 TR 



NOT DC 128 TR 



I86C5 USEC SAMPLE 



:-$■ 



I89C3 SEL ♦ READY MOD 2 OR 4 



I89C2 SEL ♦ RDY 7330 



RDD IND 

RDD I86A2. I86AU, I9IB2 . 180C2 



NOT RDD I85C4. I8SB5, 18586 



I86D2 MSEC SAMPLE 



•8506 BACKSPACE 



I89C3 SEL + READY MOD 2 OR 4 



30.50.1 
RDD 36 I88C2, I89A5, 191 B2 . 180C2 



I89C2 SEL + RDY 7330 



1 8506 BACKSPACE 



30 • 50 . I 
RDD 128 1 83 A3 



9C2 SEL + READY MOD 4 




LRCR ERROR SAMPLE 190C5 



'B3 SEL + READY MOD 2 



3> 



30 . 56 . I 
7330 RDD I 10 I83A3, I88A6, I88A3 



I89C3 SEL + READY MOD 2 OR 4 



30 . 54 • I 
RDD 144 I80C3 (NOTED 



I89C3 SEL + READY MOD 2 OR 4 



882 FWD STOP DLY D44 



18882 FWD STOP DLY D98 



188D4 ROD 152 OR RDD 2106 . 



RDD 144 RESET 181 A6, I82A5. I83A3, I83A6 DC 8 TR 



I85A4.I85A5, I88C2, I88A3 DC | 6TR 

I88A6.I90BI.186B4 DC 32 TR 



DC 2048 TR 



I89C2 SEL t RDY 7330 



FORWARD STOP DELAY 
30.56.1 



186C5 USEC SAMPLE 



RDD 16 OR 78 I83A3 



FWD STOP DELAY 



I88B4 7330 RDD 110 



I88B3 RDD 144 RESET 



30-56- 



rC 



I83C6 READ ONLY 



182D2 MS SAMPLE 



NOT DC 4 TR 



FWD STOP DELAY IND 

FWD STOP DELAY I86A2 




! END BKWD STOP DELAY I89A5 



30.52. I 
\ RDD 64 OR RDD 78 I85B5 



RDD 152 OR RDD 2106 1 85 A6 , ;188A3 , 1 908 1 



188 D2 NOT CHECK CHAR 



< FWD STOP DLY 044 I88A3 



\FWD STOP DLY 98 I88A3 



CHECK CHAR 




| IND CHECK CHAR IND 


I88B5 RDD 36 


L 
40.61 . 1 




CHECK CHAR 


I88B3 RDD 144 RESET 


NOT CHECK CHAR 









CHECK CHARACTER LATCH 
40.61.1 



COMPUTE I80C3 (NOTED 



NOTE 1: RESET THE TAPE IN PROCESS LATCH IN CONTROL UNITS. 



Figure 188. rdd, fsd, and Check Character 
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TURN ON GO 
60 • 1 1 . I 



18385 READ DELAY 
I89B3 SEL+RDY+READ 



18503 D <60 OR D 2048 



\>- 



I85D5 BACKSPACE 



a> 



NOT DC 32 TR 



NOT DC 64 TR 



i89B4 SEL+ROY+ WRITE 



I8ICV WRITE DELAY 



^ 



TURN OFF GO 
60.10.1 



I89C3 SEL + READY MOD 2 OR k 
I82B4 WDD 20 



>- 



8B5 RDD 36 



18586 NOT BACKSPACE 



I89C3 SEL + READY MOD 2 OR 



18983 SEL + RDY + READ 
I88D5 END BKWD STOP DELAY 
I85D6 BACKSPACE 



^ 



> 



18984 SEL RDY + WRITE 729 
I8IC2 D 50 729 OR WD 72 7330 



3>- 



!8Sb5 7330 WR FWD D 128 THEN BKSP 



RESil 

18883 RDD 144 RESET 



■a- 



GO 729 I80C6 



GO 7330 I80C4 

GO I83C3.I85C4 



T80 SEL ♦ RDY WR 7330 



T80 SEL + RDY WR 729 



T80 SEL RDY ♦ RD 729 



T80 SEL ♦ RDY RD 7330 



JS SEL ♦ RDY + WRITE I85C5 , I89A 6 ; 181C2 I80A5 SEL + NO UPJ^W SE^,*^^ 



SEL + RDY ♦ WRITE 729 I90AI.I89A5 



I80A5 SEL ♦ Tl OFF 729 



60.51 
DT~| 



SEL + Tl OFF I80C3 



■0- 



— P j SEL + RDY + 



READ I89A5, I89A6 



60.50. 
I80A3 TURN OFF Tl _ I UL I TURN OFF Tl .729 



SEL ♦ RDY + READ 7330 I85U . I85C4 



0- 



43- 



TURN OFF Tl 7330 T80 



T80 SEL ,.» READY MOD 



2 729 f ^l 



SEL + READY MOD 2 I86A3, I 



3> 



T80 SEL ♦ REAPY HQD H 72.9 



MOD 5 OR MOD 6 



-5- 



SEL ♦ READY MOD ,2 OR 4 I8IB4, I8IB3. I83B4. I83B5, I85C3, I85C4, I85C4. 

I88A4, I86C4, I88C4, I88C5, I89A5, I89A5, I90AI, 181 B2 



SEL + READY MOD 4 184C6, 186A3, 186A5, 186A6, 



MOD 5 OR MOD 6 



I X NOT SEL ♦ 



T80 SEL + RDY LP 7330 



T80 SEL + RDY Hi 7330 



T80 HIGH DENSITY 729 



n 



a> 



RDY I82A5, I85A4 



SEL ♦ RDY 180C3, 181A6, 183A6. 185A2, 18582, 185A5, 185A6 



SEL ♦ RDY LP 7330 I84C5, IS6A4 



n 



SEL ♦ RDY 7330 I8IB3, I82C2, I83B4, I83B4 , I85C3 
I85C5, I86A3, I88A4, I88C3 , I88C5 



SEL + RDY HI 7330 184C5, 186A5 



o- 



1 [NOT HIGH DENSITY 



729 I84C6, I86A6, 
HIGH DENSITY 729 I86A5, I86A6, , 186A6 



T 



204 Figure 189. Go and Tape Drive Inputs 



is, il L-L 1 T 

s»» "-Hi " I ' 




FI6. 190 








A 



Figure 190. Final Amplifiers 
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A REG VRC 
50.10.1 



FIG 191 



NOT A REG 2 BIT 



NOT A REG I BIT 



NOT A REG 8 BIT 



NOT A REG k BIT 



1 90Bi» < 



A REG 8 BIT 



NOT A REG B BIT 



NOT A REG A BIT 



A REG B BIT 



I83C2 NOT ODD REDUNDANCY 



19084 NOT A REG C BIT 
I83C2 ODD REDUNDANCY 






Fh 



i A ONLY T 1 



I80A3 REG B ONLY 



3> 



TQ 



3h 



^i 



rCF 



a> 



a>^ 



,_J^O! 



A REG VRC CHECK i 90B4 



A REG VRC CHECK 1 90U 



I8<*B4 WR RC-5 OR READ RC-7 



I88D2 NOT CHECK CHAR 



18586 NOT BACKSPAC E 



n 



19262 ERRQR RESET 



REG VRC ERROR IND 



«> 



WR A REG VRC CHECK I92A2 



SAMPLE (CE) HVMlJLiAMPLJULB££jaC 



r RW REG I BIT 



NOT RW REG 2 BIT 



NOT RW REG I BIT 
RW REG 2 8IT 



RW REG k BIT 



I90A6 -< 



NOT 


RW 


REG 8 


BIT I 


NOT 


RW 


REG h 


BIT k 


RW 


REG 


8 BIT 


f 


RW 


REG 


A BIT 


V 


NOT 


RW 


REG B 


BIT 1 



NOT RW REG A BIT 
RW REG B 81 T 



RW REG C BIT 



I83C3 NOT OOP REDUNDANCY 



1 90 A6 NOT RW REG C BIT 
I83C3 QPP R E D UND ANCY 




^ 



READ WRITE REG VRC 
50.20.1 



fr 




3> 



3h 



> 



^ 



I88B5 RDD 36 



8IB.5 


NOT WRITE 


r 1 


88B6 


RDD 


\ 


84D5 


RC 3 


1 


82D2 


WC 9 





RW REG VRC ERROR I92A2 



rO 



R-W REG VRC 



I92B2 ERROR RESET 



RW REG VRC IND 



RW REG ERR LATCH I92C2 




ECHO ERROR IND 



I92B2 ERROR Rf . /f T 
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Figure 191. Error Circuits I 



NOT B REG I BIT 
A REG I BIT 



t>- 



8 REG 


1 BIT 


NOT A 


REG t BIT 


NOT B 


REG 2 BIT 


A REG 


2 BIT 



NOT A REG 2 BIT 



NOT B REG k BIT 
A REG'fr BIT 



NOT A REG k BIT 



NOT B REG 8 BIT 
A REG 8 BIT 



I90B4 A 



NOT A REG 8 BIT 



NOT B REG A BIT 
A REG A BIT 



^-1 



COMPARE CHECK 
50.30.1 



QT A REG A BIT 



> 



NOT A REG B BIT 



NOT B REG C BIT 
A REG C BIT 



NOT A REG C BIT 



I92D2 NOT STOP ON ERROR 



l8i»Bi» WR RC- 10 OR READ RC-7 



I80A3 COMPARE CHECK CE 
18IC6 WRITE 



l> 



I80A3 MANUAL STOP ON ERROR 



I84BU WR RC-5 OR READ RC-7 



I92B2 ERROR RESET. 



COMP ERROR IND 



COMP ERROR I92A2 



184D5 RC-4 
184D2 RC-2 
181C6 WRITE 
SELECT READ t\ 

I8IC6- WRITE 
I8UD5 RC h 


D """" " ■ rf\ 






1 84B6 HI CLIP 


PULSE 






R_ d; 










-N 




AOD 5 DENSITY 800 | 








L-Pn 


SKEW GATE 




SKEW ERROR SIGNAL 


J\> 1 184D4 RC6 k 


1 


L 
10. 31.1 




"J> 






u 






SKEW ERROR 






I80A2 EARLY SAMPLE 




BIT+IST CHAR 






L 
50.51 • 1 


1 | SKEW ERROR IND 








I92B2 ERROR RESET 


U 














1 I84C1. 


RESET 1ST 






NOT SELECT REA 
MOD 5 DENSITY 


)Y 
8001 













DELETED FOR 7040/7044 OPERATION 

(ALLOWS ERROR CHECK AFTER ERASE OPERATION) 



NOT READ DELAY 




184C3 READ SKEW ERROR 

I90C6 READ LRCR ERROR 

19ID5 WR A REG VRC CHECK 

191 D* EARLY SAMPLE A REG VRC 

I92D5 COMP ERROR 



I92D3 SKEW ERROR SIGNAL 
191 03 RW REG VRC ERROR 
I9IC2 ECHO ERROR 



ERROR LATCH 



I80A3 MANUAL ERROR RESET 
I86BI RESET 



I85A5 ERASE CALL 



1 8506 BACKSPACE 



I8IC1 WD 30 OR RD 30 

I85C2 REWIND UNL OAD CALL 
I85A2 REWIND CALL 



50-50.1 



-n 



ERROR LATCH IND 



rO 



I80A3 MANUAL STOP ON ERROR 



D- 



NOT STOP ON ERR I8'*B3,I90B3 
- |92B5 



STOP ON ERROR I8IC5.180C3 



I9ID2 R -W REG ERR LATCH 



kHU 



NOT FREEZE R-W REG I90A3, 183C3 



ERROR RESET 191,192 



LRCR RESET I90C5.190D4 



181C4 WRITE DELAY 



184B6 HI -CLIP PULSE 



> 



WRITE DELAY NOISE 



Figure 192. Error Circuits II 
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Density v 
Status / 



High 



(0123456789 ") 



Not Rewinding 






Tape Fully Loaded 



Good Fuses 



Poor Int 



Start Key Pressed 



Ready 



\ I / 



High Density 189 



Select 



Not File Protect 



18IC5 Set Write 



183C6 Set Read 



190 A6 Write Bus 



182 D2 Write Pulse 



182 D5 Wr Check Char 



(Wr Tgr Release Off) 
Ti Photocell 



Se! and Rdy 



189 A3 



Wr Status 



Wr Tgr 



Dly 
Variable 



ro- 

t 



t B 
1 of 7 



183 D2 Turn on Ti 



189 Turn off Ti 



Unload 



Rew Unload 



185 C5 Set Bkwd 



LP 



189 C6 GO 



Machine Rewind 







::±JD 



a 



c 



Ffr 



Select Rdy and Write 189 A4 



Select Rdy and Read 189 A3 
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